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EDUCATIONAL PREPARATION FOR CREATIVE TECHNI- 
CAL ENGINEERING LEADERSHIP * 


More Emphasis on Scientific Thinking 
By R. E. DOHERTY 


Dean, Yale School of Engineering 


In drawing before you now the old thought which every novice 
in educational work must sooner or later propose, and which is 
also urged by those practicing engineers who mean to be education- 
ally helpful, I fully realize that my job is a precarious one; for 
there is not a teacher among you who does not try to develop 
scientific thinking in the student, as far as this seems possible in 
view of the limited allotment of time, and of the subject matter 
to be covered. However, I am moved to make an appeal to you, 
because from personal observation of many engineering graduates 
in practice, I am convinced that scientific habits of thought are not 
developed at college to the extent they should be. 

There is a crying need for men with such habits of thought. 
They are needed to solve the internal problems of technical engi- 
neering and engineering management in industry. Moreover, if 
the difficult and deep-seated external problems are to be solved, 


' growing out of the relation between technological progress on the one 


hand, and a balanced, healthy social structure on the other, it will 
be because more constructive thinkers are available than there are 
now. Indeed, in a still wider sweep, if Western Civilization itself 
is not to go the way of all its predecessors, as Oswald Spengler says 
it must, it will be likewise because there are enough sound and 
active thinkers in all professions to give some direction to destiny, 
by making effective use of the great store of scientific knowledge 
which this civilization possesses, but which its predecessors did not. 
Scientific knowledge provides foresight only when it is properly 
used, and such use requires constructive thought. 

The engineering profession has, in all of these problems, a 
peculiar responsibility. It has responsibility naturally to carry 
ahead technological progress; to pull into efficient gear the present 
disjointed machinery of industry and business, which condition its 
technology has largely created; and it has responsibility to help 

* Presented at meeting, New England Section, 8S. P. E. E., Orono, Maine, 
Oct. 8, 1932. 
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310 EDUCATIONAL PREPARATION FOR LEADERSHIP 


keep it in gear as new technological advances tend to throw it out. 
All professions, of course, have heavy responsibility, but engineer- 
ing especially. 

As a final introductory word, it seems proper that I should out- 
line the point of view from which my analysis has been made, so 
that you can accordingly appraise the conclusions. This view- 
point, I must confess, is not altogether competent. It is competent, 
I believe, as regards a fair estimate of the product of engineering 
education, an evaluation of existing educational objectives, and, 
at least to a moderate extent, the critical examination of methods 
and curricula in graduate work. On the other hand, it is less 
competent, by reason of insufficient first hand experience, as re- 
gards method in undergraduate work. As a basis for this point 
of view, it has been my privilege in a large manufacturing in- 
dustry to study, at close range and over a period of years, both 
the educational attainments and the professional performance of 
large numbers of engineering graduates and post-graduates, rep- 
resenting practically every engineering college in the country. 
In such an industry the range of engineering activity covers prac- 
tically the whole gamut—from the technical clerk to the creative 
genius; from the isolated specialist to the executive. In teaching 
and in directing with a free hand the educational activities of 
these graduates, I had opportunity to learn something regarding 
method of handling graduate work. However, I have had, as 
yet, practically no first hand experience in undergraduate teach- 
ing. In this my knowledge rests on a study of the engineering 
curricula of American colleges, 8. P. E. E. reports, and on dis- 
cussion with teachers of science and of engineering. Whether 
all of this is a competent basis for such a conclusive judgment as 
I shall reach, you will have to decide. 


PrRoGRAM FOR CREATIVE LEADERS 


In turning to my topic itself, may I emphasize the general 
subject of the meeting—Educational Preparation for Creative 
Technical Leadership? My thoughts relate, not to the training 
of engineering technicians, but to the development of creative 
leaders, and therefore to students who possess the natural ability 
to rise to such leadership. 

I recognize the practical difficulties which may be encountered 
in accomplishing that object. The means of selecting such stu- 
dents are only partially efficacious, and a program which is most 
appropriate for the one type of student is utterly inappropriate 
for the other. But I do not suggest that we are considering an 
easy problem. It is difficult; but it is worth the effort. To doa 
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good job in the early development of the relatively small group 
of naturally capable students—to lay a sound, scientific founda- 
tion fully appropriate to professional, creative leadership, and 
to develop mental power—is, in my opinion, the greatest responsi- 
bility of our colleges and universities. 

So my proposal is to provide a program for such students 
which shall be designed for the specific purpose of developing 
engineering thinkers—men with a scientific and scholarly attitude 
of mind, and with the ability to make the most of experience. 
Better that we set our course in higher education definitely in 
this direction, absorbing some of its graduates in the middle levels 
of professional activity, than to set the course toward the middle, 
as it now seems to be, and trust to chance and the god of mercy 
that creative minds will somehow emerge. 

Now of course we must have engineering technicians too. An 


adequate number of technicaily trained men to ‘‘carry on’’ is just. 


as essential to technological progress as the creative group. In- 
deed, the two groups are complementary. A rational plan for 
providing this other and much larger group of engineering tech- 
nicians would involve two sources. One is the technical institute, 
which has been the subject of a special report of the S. P. E. E. 
by Dr. Wickenden. In addition, there would always be a large 
fraction of college graduates of those courses designed especially 
for the development of engineering leaders, who were not quite 
constituted for the intended purpose, but who could nevertheless 
fill in the gap between the upper and lower levels of engineering 
activity. 
Last DECADE 


Consider the educational situation of the past decade, and the 
reasons for it. I refer to the relation which college training in 
engineering has borne to the requirements in the field, and thus to 
the performance of the graduates. 

The colleges have graduated too many engineering technicians, 
and too few creative thinkers. For normal business conditions, 
there may be too few technically trained men, including all kinds, 
as the National Industrial Conference Board and almost everybody 
urged before 1929; or, on the contrary, there may be too many, as 
now appears to those who believe we are entering a new era in which 
the demand for such trained men will be much less. I do not 
know. But I am sure of one thing, and that is that there are not 
enough thinkers. The ratio of thinkers to technicians is too low, 
and has been so during the decade. Any one who has combed over 
hundreds of graduates to ferret out the thinkers will appreciate 
the full significance of this statement. They are hard to find, not 
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312 EDUCATIONAL PREPARATION FOR LEADERSHIP 


only because such a small portion of them are naturally constituted 
for any great degree of independent, effective thinking, but also 
because those few who are, have had so little practice at it under their 
own steam that their reasoning power is not easily recognizable. 
Through long disuse it has tended to remain puerile. I am con- 
vinced that many young men with minds potentially capable of 
independent thinking, never have this dormant power in them 
awakened and developed during their whole lives. The spark 
smolders under great tonnage of engineering facts, formule and 
figures; it is not uncovered so it can ignite the fire of searching 
thought, and thus light up their minds. Only in those few stu- 
dents in whom that spark is by nature a dominating force, and who 
therefore instantly respond to the slight encouragement which it is 
possible to give them in the present heavy college program—only 
in such students does it burn its way through to the surface and 
grow. In the others, such a mass of inert knowledge gradually 
induces paralysis of thought. Consequently, of the thousands 
whom the engineering colleges have graduated, too low a percent- 
age have been real thinkers. 

It is an interesting phenomenon for our study here—the usual 
engineering graduate when he faces for the first time in practice 
a real engineering problem. In learning from others how to do a 
routine job—for example, the calculation of stresses or densities in 
design—he is usually very apt; in college he became proficient in 
making such slide-rule caleulations from formule. But when a 
problem confronts him for which there is no formula, what hap- 
pens? A river to swim, and he can’t swim. His muscles may be 
strong, but they are undisciplined and unpracticed at swimming. 
He paddles around in shallow water looking for shoals, which are 
not there, to hold him up in crossing. As the time approaches 
when he is expected to be on the other side, he is seized with emo- 
tions which are dark and despairing. Finally he sees a way; he 
goes across on somebody’s back. It works out all right this time, 
he thinks; the ride is interesting and also similar to many he ex- 
perienced at college, so he now knows how to get across next time. 
Thus he comes to the habit of remaining in shallow water unless he 
can find a good, broad back to ride on where it is deep. 

If my interpretation of the past decade is at all accurate, there 
is occasion for us to go still deeper into our educational problem 
than we have gone. I need not emphasize to this assembly the 
progress which has been made in that period, due largely to efforts 
of the S. P. E. E. The results are salutary indeed. A trend from 
specialized to fundamental subjects, toward the segregation of 
students according to ability, toward a unified program, a keener 
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interest of teachers inspired by the Summer Schools, ete.,—all of 
these are worthy, fundamental results. And from them, real im- 
provement is underway in commensurate respects. The problem to 
which I have referred, however, is only slightly touched by them. 
Subject matter can not solve it; teachers’ interest, under existing 
schedules, can not solve it; and even the segregation of students 
including an honors group—which is a most promising step—can 
not solve it merely by a broader and more rapid pace over the same 
ground in the same direction. The problem is not to be solved by 
such modifications alone ; something more is necessary. 


Samine DIRECTION 


It is largely a question of sailing direction—of basic educational 
objective. As nearly as I ean understand the prevailing idea in 
this country regarding the purpose of all education from kinder- 
garten through college, it is that students should temporarily gorge 
their memories with facts and figures and rules, about the largest 
possible number of things, all with the idea that after graduation, 
much of it will gradually drain off, reducing the plethora and leav- 
ing a residue which may prove useful in life. There may be also 
the idea that the process itself of gorging and elimination is some- 
how constitutionally beneficial—that it inures the memory struc- 
ture to heavy burden, like a banquet does the visceral structure. 
This memory gorging, which in most other college courses is burden 
enough, is, in engineering courses of American colleges both in- 
ereased and supplemented by long and exacting tabulations of 
data, the preparation of numerous routine reports and the like, 
until the students’ time is thus completely consumed. Emphasis is 
upon memory and techniques of manipulation, instead of upon 
disciplined, independent thinking. Under such conditions, the 
development of real thinking power is simply impossible. We 
have all found it so. Try to encourage the student to pause in his 
mad rush long enough to do a little thinking, and what is the 
result? A late laboratory report or problem, or his lesson for 
the morrow is not memorized. The instructors’ time is also con- 
sumed on the other half-cycle of this process. So there is no time 
for the student to practice scientific thinking, or for the instructor 
to coach him in it. And the clear reason for this condition is that 
the educational objective has been one sided—or at least lop-sided. 
It emphasizes learning, and not constructive thinking. 

And looking to the future, as long as that is the prevailing 
objective, we need not look for much improvement in the thinking 
power of students and graduates. We may make the learning 
process more effective; we may approach ever nearer to the most 
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314 EDUCATIONAL PREPARATION FOR LEADERSHIP 


appropriate subject matter for engineering practice; and we may 
stimulate teachers to a more active interest in their work. But 
when we have done all these things, we still have not disciplined 
and exercised and stimulated the student’s thinking powers. We 
ean do this only if we set out to do it. We certainly can not 
expect to do it by setting out to do something else. 

My proposal is that we modify our objective. Let us defi- 
nitely recognize the two essential and complementary aspects of 
a rational objective. We already recognize the one, but it is, 
unfortunately, to the practical exclusion of the other. I propose 
that we add the other on equal footing. Let us affirm that we 
are going to do two things: first, that we will teach fundamental 
knowledge and the simpler, essential techniques of manipulation ; 
and, second, that we will coach the student in constructive think- 
ing—in other words, stimulate and discipline his thinking 
faculties. 

PRESENT PROCEDURE 


We have considered general objectives; in that light let us 
now analyze the present educational procedure. We build a 
good, sound foundation of basic physical and mathematical sciences 
during the first two years; then move over to the next lot and build 
the house on the sand of technical engineering minutiae. 

As a reason why engineering graduates are unable to use their 
physics, mechanics and mathematics, it has often been suggested 
that these subjects have not been taught well. I am convinced that 
this is not the main reason. Instead, it is that the engineering 
teachers themselves do not use the fundamental principles of these 
sciences in their class work. They use the definitions and formule, 
but that is not using the fundamental principles. Why don’t they 
use them? Because a student can not apply the fundamental prin- 
ciples of any science in the analysis of a problem or situation, 
without thinking. It is not to be done by memory. And since 
thinking under one’s own power is not fully recognized in the 
educational objective, it is little done in college programs; and 
therefore there is no occasion to call these principles out of their 
mental catacomb. They are consequently forgotten, and that is 
the reason the graduates can not use them. 

The study of engineering, following the study of basic sciences, 
thus becomes something almost entirely detached. The graduate 
leaves college with the basic sciences in one side of his head, and 
engineering in the other. The two have hardly met. . Outside of 
numerous definitions and a few essential concepts, such as symbol- 
ism, rates, and those relating to basic physical phenomena—which 
comprise a necessary basis for the subsequent additional aceumula- 
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tion of engineering learning—there is little continuity between the 
studies of the first two years and the studies of engineering. In- 
stead of a gradual transition from the learning process in connec- 
tion with these basic sciences, to the application of them in 
engineering, there is a substantial discontinuity. And the students, 
it seems, have consequently come to regard these important, funda- 
mental subjects in much the same category as they classify English 
and History—merely courses to be passed off. 

When they come to engineering, they turn attention to new 
studies. They learn about machinery and structures and perhaps 
economics. They learn operating characteristics, how to make 
tests, how to make calculations by formula which apply to certain 
type-form, fully specified problems. They learn and learn and 
learn, facts, formule, rules and manual technique. The major 
part of the busy time in American colleges is thus devoted to 
engineering minuets, in a form and at a tempo set by the instructor. 

Our present procedure is therefore hardly conducive to sound 
and virile thinking in uncertain situations. It prepares, instead, 
for routine function. I realize, and once more acknowledge, that 
this description is somewhat exaggerated; there are, indeed, some 
who try, against almost impossible odds, to bring scientific thinking 
into their student programs. But I am not talking about these 
exceptions ; I am discussing the situation as a whole, and the funda- 
mental reason why it is so. 

There is another pertinent question which should be raised re- 
garding the present procedure. I have mentioned the trend, 
accelerated by the S. P. E. E., toward a unified program. It has 
been unified ; but unified around what? Subject matter. Various 
subjects, practically all relating to engineering are well ordered in 
a logical and necessary sequence. Few undergraduate programs in 
other college courses will match the engineering curriculum on 
that score. But while the program is unified around subject mat- 
ter, the subject matter itself is not unified in the student’s mind. 
The different branches of it seem to remain separate in his mind, 
just as they were taught, instead of becoming organically articu- 
lated to a central stem. And thus, much of the memorized subject 
matter becomes inert knowledge which clutters the mind. 

Subject matter remains inert until it is utilized in independent 
thinking. If the multiplication table were learned and then never 
used in multiplying, it would become as inert as Newton’s Laws of 
Motion usually are in the engineering graduate’s mind. Merely to 
remember that there is a multiplication table which can be con- 
sulted if ever, for some unexpected reason, an occasion arises for 
its use—this would resemble very closely the usual graduate’s state 
of mind with reference to most of the fundamental laws of basic 
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science. The trouble is not alone that he places fundamental 
knowledge in such a common-place category ; he seems to have been 
taught from the point of view that since the character of his future 
work is not predictable, and the possibilities are very wide and nu- 
merous, the more subjects he can learn, the higher the probability 
that he will have included something useful. So the point here is 
double barreled. Not only are his fundamentals classified with that 
other less important knowledge, the possible use of which he regards 
as highly fortuitous; but, having been learned first, they are at the 
bottom of the heap. Only fragments of it all are used, and most 
of them are from the formulized top. These fragments are used 
principally in the exercise of manipulative techniques such as, for 
instance, the application of specialized, half understood formule 
to fully specified cases. Consequently a large portion of his ac- 
quired knowledge—a major portion of it, in my opinion—becomes 
inert and stays inert. 


PROCEDURE UNDER A New Po.icy 


Suppose we accept, for the sake of argument, the proposed 
bilateral educational objective—that the development of thinking 
power shall be on an equal footing with the development of knowl- 
edge and manipulative techniques. What then should be our 
procedure? It should be simply to guide the students as they 
learn and think in their field, and thus help them to develop that 
vital central stem, now missing, around which their newly acquired 
knowledge can be unified. A. N. Whitehead says: 


“ Education is the acquisition of the art of the utilization of knowledge. 
This is an art very difficult to impart. Whenever a text-book is written 
of real educational worth, you may be quite certain that some reviewer 
will say that it will be difficult to teach from it. Of course it will be diffi- 
cult to teach from it. If it were easy, the book ought to be burned; for 
it eannot be educational. In education, as elsewhere, the broad primrose 
path leads to a nasty place. This evil is represented by a book or a set 
of lectures which will practically enable the student to learn by heart all 
the questions likely to be asked at the next external examination.” 


Let us accept his definition of education, and do away with the 
primrose path. We must still have a path, but its direction must 
be properly set. 

In order to define the direction accurately, I shall reiterate the 
five Phases of educational process, as I understand it. 

1. The first relates to the process of acquiring factual and defin- 
itive knowledge. One learns for instance, the factors in the 
‘*flexure’’ formula in mechanics; the definition of ‘‘marginal util- 
ity’’; that the base of napierian logarithms is 2.718. It is the 
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process of building up one’s mental encyclopedia. It is essen- 
tially a memory matter. 

2. The second has to do with that type of reasoning in which the 
student is led, step by step, through logical processes either by a 
teacher, or by a text-book. His part in this particular phase of 
his journey through the educational forest is not to move precari- 
ously along a trail which is only blazed; instead he rides on an 
educational sight-seeing bus over a modern, concrete highway, of 
which even the curves and grades are reduced to a minimum. His 
only responsibility is to take due note of the scenery, and of the 
announcer’s comments as he rides along. For instance, he may be 
thus escorted through the logical development of the ‘‘flexure’’ 
formula; of the theory of ‘‘marginal utility,’’ or of the vector 
representation of alternating currents. This process is one of 
civilization’s necessary short-cuts. In order to reach the frontier 
of new things, to acquire on the way an acquaintance with the 
methods used there, and yet to have a reasonable portion of one’s 
life still available for professional activity, some such rapid trans- 
portation seems absolutely necessary. It is a process of vicarious 
reasoning. In it one learns to follow logically and to retrace the 
steps; one’s mental muscles are developed somewhat, but they do 
not become sturdy and of good form by purposeful exercise under 
their own power; instead, they are massaged. 

3. The third phase is the process of acquiring skill in manipula- 
tion. For example, one develops skill in algebraic transforma- 
tions; in numerical calculation from formule by the slide rule; in 
operating a machine; or in carrying out an experiment. It is a 
discipline in manipulative procedure. 

4. The fourth phase relates to that type of reasoning in which 
the student himself takes the initiative. He establishes the trail 
through the educational forest. The objective may, at first, be 
defined for him, and perhaps its general direction and a few land- 
marks may be indicated; but he presses through alone. In clear- 
ing away the undergrowth, in fording or swimming the technical 
streams which cross his path, in retracing his steps for a new start 
when he encounters an impasse, he not only exercises his mental 
muscles in worthy activity and stretches them to the elastic limit, 
but also develops his sense of direction and his power of discerning 
helpful landmarks. Each successive trail thus established by him 
increases his pioneering powers; and presently he will be able, if 
it is in him, to blaze his own trail through new areas to new 
objectives. 

5. The fifth has to do with the establishment of a natural con- 
tinuity between the development of the individual at college and 
after college. The branches of a truly educational program will 
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neither terminate in dead ends here and there during the college 
course, nor be chopped off at graduation. Instead, they will feed 
primary educational stems which will both extend and expand be- 
yond graduation as long as the individual is on the ascending slope 
of his professional career. However, the extension of such stems 
after graduation is extremely difficult unless the student has al- 
ready begun to extend them under his own power before gradua- 
tion. He must develop under guidance both the desire and the 
power to extend them. 

Colleges emphasize largely the first three Phases—.e., acquir- 
ing knowledge, vicarious reasoning, and developing skill in manip- 
ulation. What I am proposing is that emphasis be shifted to 
Phases 4 and 5—4+.e., reasoning under one’s own power, and the 
development of primary educational stems. 

In most respects we could follow the procedure of the football 
coach. Excepting certain aspects of his vehement exhortation, his 
method might well be used as a pattern. In engineering, as in 
football, there are certain facts and principles which, experience 
has shown, must be learned and remembered; and also, as in that 
game, there are procedures which, experience has likewise shown, 
must be understood and sedulously practiced under discipline. The 
coach not only tells the player how to tackle; he makes him prac- 
tice it under discipline until his muscles become hardened to such 
use and habituated to proper motion and coérdination. And as 
it is with the muscles, so with the thinking mind. We make a 
start; we tell students how to make calculations when the data are 
completely given, and then have them practice doing it. That is 
good as far as it goes. Let us now do the same thing with thinking. 

Just what does this mean? How would you train a student to 
do independent thinking? I should be presumptious, indeed, to 
urge upon individuals of this assembly any pedagogic formula. 
My humble purpose is rather to evaluate objectives, and to urge 
a new direction of emphasis. Every teacher has his own notion 
regarding detailed method. So all I shall attempt, in this in- 
cidental connection, is a sketchy outline of the general plan I have 
followed for ten years. 

The plan is the exercise of reasoning power under a disciplined 
procedure. That exercise is accomplished in two ways. The first 
is the application of fundamental principles in the analysis of 
problems; in deducing necessary consequences from known condi- 
tions, in those cases where such consequences are actually implied; 
and in establishing probable consequences when the problem and 
data are less definite. The discipline is accomplished by a guidance 
in orderly and logical procedure. Let me illustrate. In the first 
place, problems are carefully selected which are suitable for the 
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purpose. After the statement of the problem, the following ques- 
tions arise: what fundamental principle, or principles, govern the 
ease? What simplifying assumptions must be made? What ac- 
curacy is required? Specifically what are the conditions which 
must be satisfied according to those fundamental principles? The 
answer to the latter question must be a clear, definite statement in 
English. Then comes the solution. If the problem lends itself to 
mathematical treatment, that statement in English is merely trans- 
lated to mathematical language and the conclusions worked out. 
If not, the conclusions are worked out some other way. In any 
ease, conclusions are reached. Then these must be appraised in 
light of the assumptions. 

The second means is purposeful and thoughtful writing. Com- 
posing component thoughts into a logical, organic whole is a power- 
ful mental discipline. The process requires intense thinking, and 
if it is repeatedly done under effective guidance, mental power will 
grow. The engineering student presumably has learned the science 
of writing—the rules of grammar and rhetoric—just as he has 
learned the other sciences underlying engineering; but, also like 
the latter, he has not sufficiently wsed it in thoughtful exercise in 
his later college work. Consequently, in both eases his ability 
effectively to utilize the sciences he has learned is unduly limited. 
Again the similarity of the two cases is strikingly illustrated in the 
unscholarly writing and speech of engineering graduates. Lack of 
power and clarity of thought is as much in evidence here as it is 
in their early engineering practice. I am not making an in- 
vidious comparison with the writing of graduates of other courses, 
but with what I am sure engineering graduates could do if they 
were effectively coached and exercised in applying the science of 
composition which they have learned. My proposal with respect 
to this science is the same as that with respect to the other sciences 
—that it be utilized in the development of thinking power. 

How can a student compose thoughts if he has none to compose ? 
He can’t. One of the vivid memories of my college life is a course 
known among students as ‘‘Daily Themes.’’ How I used to strain 
my mental ligaments every night to squeeze out a thought for a 
theme! It is enough, heaven knows, to compose thoughts when one 
has them; it is simply too much to expect a student, under the 
pressure of a heavy curriculum, to be a spring of original ideas. 
However, the literature is full of them, and in the engineering 
courses themselves the subject matter of reports, exposition and 
description provide suitable material for such exercise. 

But these proposed means of exercising and disciplining men- 
tal power require time. If we now have insufficient time to do 
what we are attempting, how can we crowd in this additional work 
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which, on equal footing with the rest, would require a significant 
fraction of the available time? That is precisely the question which 
must be answered. 

If you have a limited time in which to make a preliminary 
study and report on some engineering matter, you do not spend 
that entire time collecting data; you reserve part of it for analysis. 
You adjust your program to accord with the purpose and the 
available time. You do not collect all the data you want, and 
you do not analyze the problem as completely as you wish, simply 
because you can not do so in the limited time; but you do get a 
start on both, sufficient for the preliminary purpose. Then you 
plan to extend and complete the work later. We have got to do the 
same thing here. We might just as well recognize that we can not do 
all we are doing now, and interpose this additional discipline. We 
must cut down the now relatively over-emphasized part of the pro- 
gram to make room for the now-under emphasized part. We must 
balance up. What can not fit in the junior year must be postponed 
to the senior; and what can not fit there will have to be postponed 
either to post-graduate or post-college study, and to experience on 
the job. 

However, this process of adjusting the program to accord with 
both the objective and available time comes second. The primary 
thought is, what are we trying to do in engineering education ? 

There is an important distinction which we simply must recog- 
nize if we are to keep our thoughts clear on this educational prob- 
lem. It is the distinction between training engineers, on the one 
hand, and training students to become engineers, on the other. 
The one is properly done on the job after graduation; the other, 
in college. It is our job to train them to become engineers. We 
are not in position to do the other; and it is, moreover, a very up- 
hill task for the graduate to learn how to become an engineer after 
he is on the job. 

We are in position to guide the students to a sound scientific 
foundation; to discipline them to scientific habits of thought in 
dealing with engineering material and problems; and to engender 
the ability and desire to extend both after graduation. They will 
not be engineers when they graduate, any more than are those who 
graduate now. But they will be prepared to become engineers very 
rapidly. With a sound, unified and active scientific knowledge, and 
with thinking powers disciplined and tuned to effective action, 
they will be broadly adaptable. They will be prepared to meet 
uncertainties of whatever character, and hence to become worthy 
professional men in whatever phase of engineering they may under- 
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sponsibility to train leaders who will be able to cope with the heavy, 
complex problems of the future, we must modify our educational 
objective. It is now one-sided; properly it should be bi-lateral. 
The acquisition of knowledge and of proficiency in manipulative 
techniques is only one-half; the other is, as Whitehead says, the 
art of utilization of knowledge. We must add this vital half to 
the objective. Instead of paralyzing thought by cluttering the 
mind with inert knowledge which will never be used, and burying 
at the bottom of the heap valuable fundamental knowledge, let us, 
under the pressure of our crowded program, courageously and 
earefully eliminate debris, and add in its place the vitalizing and 
unifying foree of independent, constructive thought. We are 
supplying mental food without vitamins; let us plan to provide 
these also. 
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CRITICAL ANALYSIS OF THE EXAMINATION SYSTEM 
OF AMERICAN ENGINEERING SCHOOLS * 


By V. BUSH 


Dean of Engineering, Massachusetts Institute of Technology 


To a group of engineers such as this there is no need to enu- 
merate the benefits of standardization, nor should it be necessary 
to emphasize the unfortunate results which may follow too early or 
too rigid an adherence to a standard system. Engineering educa- 
tion in this country is young, but it already conforms closely to a 
type. One result of the studies and comparisons of curricula con- ° 
tinually being made has been to render this conformity more exact 
in its detail. The present trend toward the licensing of engineers, 
and the accompanying rating of engineering schools, is very likely 
to have this same effect. 

In speaking before this Society a while ago I contended that it 
is essential that we should remember that teaching is an art and not 
a science. Like every other art it has its accompanying technique, 
but it would be very unfortunate indeed if we should confound the 
two. No art can be standardized, nor can the technique which 
underlies an art be restricted to a standard form without a loss of 
that freedom which makes for progress. Yet our engineering edu- 
cation in this country is moulded in a standardized pattern. Not 
only are curricula nearly identical, but the method of administering 
the process in its detail is generally the same. I believe that the 
primary reason for this lies in the system of examinations to which 
we habitually adhere. 

It is my thesis that our present system of examinations, as 
generally in use at American engineering schools, is illogical, 
antiquated, and damaging to our product, and that there is some- 
thing we can do about it. 

Except for a few notable examples, our instruction is given 
by subjecting the student to a large number of individual inde- 
pendent subjects, which must be passed in a rigid sequence. The 
passing of a specified number of these completes the process and 
the degree is conferred. Each subject is substantially under the 
control of a single teacher who chooses the content, conducts the 
classes, makes up the final examination, grades it, and reports the 

* Presented at meeting of New England Section, 8. P. E. E., University of 
Maine, October 8, 1932. 
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records. There is some modification of content in its generality 
by conference between teachers in interdependent subjects, or by 
control by a head or committee on curriculum, but the detailed con- 
tent and. the mode of instruction remain with the teacher. The 
conduct of examinations is in the hands of the teacher of the sub- 
ject. A significant fraction of the time, in some courses the 
majority of the time, is spent in examining the student. 

It is easy enough to see how we arrived at this system. The 
engineering schools inherited it from the colleges of liberal arts. 
They in turn took a great deal of it from the little red schoolhouse. 
The schoolhouse came by it honestly, for there was usually only one 
teacher to a school and she did everything that was done. 

The simplest way to start a college is to hire a teacher for each 
subject thought to be essential to a satisfactory curriculum and then 
leave all matters pertaining to that subject entirely in his hands. 
In the rapid creation of colleges in this country this is unfortun- 
ately the procedure which has sometimes been followed, with little 
study of the pedagogical needs. Then, too, where certain subjects 
are highly specialized, there is often only one member of a faculty 
who professes knowledge of a given subject in the program. This 
certainly should not be so in connection with undergraduate engi- 
neering instruction, but it often is. 

So we have developed a system of many independently taught 
subjects, and the student is required to run gauntlets of high fre- 
quency and intensity, presided over by satraps, and he does little 
else during his undergraduate academic experience. 

It is a system easy to administer, it keeps members of the faculty 
isolated and hence relatively at peace with one another, and it 
yields a set of figures which are convenient as indices in a mass 
educational scheme. 

But its unfortunate results are many, and it is reasonable that 
a group of the sort present at this meeting should be able to ex- 
amine them frankly. 

1. The student ‘‘takes courses’’ instead of studying subjects. 
He studies a text, and often the entire sum and substance of his 
acquaintanceship with a subject is the part of that single text which 
is not omitted by orders of the instructor. 

His whole emphasis is placed on passing the course rather than 
on obtaining a comprehensive and abiding grasp of the subject. 
When the course is passed he forgets it as far as possible. Our 
system of education degenerates into a sequence of forgetting 
points. 

2. The examinations usually overemphasize-the immediate and 
fragmentary. 

There is often an undue weight on a formula, or a figure, which 
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will assist in making grades. Sometimes the weight is placed on 
an item known to be the pet hobby of the instructor. 

There is little opportunity in an examination of ten or a dozen 
questions for a student to illustrate his ability to carry through a 
complete careful process of reasoning. Faced for several years 
with the necessity for arriving at an answer to nearly every ques- 
tion propounded within six seconds or six minutes, he jumps at 
conclusions, rushes to the use of a stereotyped formula, loses the 
capacity to reason around a situation, and in general develops those 
attributes which apply to the clerk rather than to the professional 
practitioner. 

3. The student is hounded. In four years the student has to 
take some forty or fifty independently taught subjects, in which he 
is examined formally a total of perhaps one hundred times, and 
informally several hundred more. His hours are crowded and 
closely scheduled; he has little time for reading or reflection, and 
he does little such. All but the exceptional students become autom- 
atons. 

Moreover, there is a contest between instructors for his time 
which intensifies this situation. It is perfectly natural for most 
teachers to consider their own subjects relatively more important 
than is indicated by the apportionment of catalog time. It is 
highly unnatural, however, for a student to be responsible simul- 
taneously to eight or ten independent masters, many of whom have 
that idea, and of whom some are forcing him to devote excess time 
to their specialties. It is all very well to say that we can rely 
upon the inherent fairness of the teaching profession ; certainly we 
can. But we can also rely on some teachers being human. Their 
well meant and often unrealized tyranny is imposed by means of 
the uncontrolled examination. 

4. Our examinations are poor. By and large, with of course 
notable exceptions, I am convinced that the examinations we give 
are faulty in many respects. 

In reading over examinations of the type we have under con- 
sideration, as I have met them from many institutions, I am struck 
by the fact that they are often ambiguous, that questions are asked 
which can be answered only by one familiar with the explicit 
phraseology of the examiner, that directions are given to make a 
statement in a few minutes which would require an hour for its 
proper composition, that student memories are being taxed with 
data which any reasonable practicing engineer would keep in 
notes or a handbook, and that hobbies are being ridden hard. 

From my student days I can well remember the collections of 
previous examinations, the privilege of consulting which was some- 
times obtained in devious ways, and which were usually in the 
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hands of fraternities or other perpetuating student bodies. A re- 
view of previous papers set by some professors would at times 
disclose in detail the questions of a forthcoming examination, for 
the simple reason that it was by this same process that it was 
compounded. 

5. The interrelation between subjects is often lost. The de- 
pendence of professional subjects upon the basic work which has 
preceded is often little more than a pious hope. Since engineering 
is applied science the professional subjects should certainly link 
together and exemplify the applications of the mathematics, physics 
and chemistry which have gone before, with proper attention to 
economic practicability. Yet if we review the materia! presented 
in the usual basic courses a large fraction will be found which is 
never heard of again by the student during his undergraduate 
eareer. This fraction may well be worth studying for its own sake, 
but that is not the point. With the present scientific trend of 
engineering practice there is an opportunity to utilize to advantage 
all of the basic science that can possibly be crowded into the basic 
preparation, and this opportunity is being lost. 

Nor is the interdependence of various professional subjects 
thoroughly emphasized. It is possible, for example, for a student 
to study in one department the vibrations of machines, and in 
another the performance of alternating-current networks, without 
ever realizing that from a mathematical standpoint they are one 
and the same thing. 

There is a more far-reaching influence though. The student 
finds nearly every instructor he meets to be apparently a narrow 
specialist with an interest only in the minutie of a very limited 
field. Seldom does he work with a teacher who tackles in his 
presence a comprehensive engineering problem in its entirety, 
drawing his tools from various sources. However broad the inter- 
ests and experience of a teacher may be, catalogue descriptions 
leave him little opportunity to treat broad engineering problems as 
a part of a specific engineering subject. The thesis, or the pro- 
fessional elective, offer a slight relief to this situation. In general, 
however, instructors stick very close to their subjects, and do not 
endeavor to show how the interlinking of knowledge is a prime 
function of a professional engineer. The student, therefore, then 
emerges from the process with the detailed knowledge of the tech- 
nician, but with little of the grasp of the professional man. Traced 
to its source the real reason for this situation appears to be the 
existence of the set of independently taught subjects with their own 
examinations, and the lack of any examination of a student’s grasp 
of the interrelations of subjects with a consequent lack of instruc- 
tion in that interrelationship. 
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6. The student is turned out into the world while still a school- 
boy in his attitude toward his professional work. 

We cannot treat a student as a schoolboy, and then have him 
suddenly become a professional man on graduation. We should 
not expect this to happen, and in general it does not happen. In 
professional study the student should be to a considerable extent 
the arbiter of his own affairs. If, when at that state of maturity, 
he is incapable of serious work except when forced by an implac- 
able system to meet certain rigid daily appointments and detailed 
tasks, he will usually be capable of becoming an employee on engi- 
neering work but not a professional engineer in the highest sense. 
When suddenly released from control he will quit further study on 
his own initiative. In all his mental processes for many years 
thereafter he will be inherently a cog in a system specialized for 
certain specific subordinate activities, and not an independent 
creative master of the application of the fruits of science for the 
benefit of mankind. He will not take a part in public affairs, for 
he will not take an independent self-reliant part in anything. If 
he has an engineering project to present to the layman he will do 
so lamely, for the world is not impressed by the choppy fragment- 
ary exposition that is acquired by answering an interminable series 
of short questions. I generalize, of course. There are exceptions. 
Applied to those who, I have stated, are incapable of ordering their 
own affairs during undergraduate professional study, the indict- 
ment holds. 

We examine repeatedly whether a student can respond ac- 
curately in a closely delimited situation where we supply a specific 
stimulus. We do not examine, except in the thesis and then none 
too rigorously, whether he has initiative, resourcefulness, breadth 
of grasp, powers of comprehensive analysis, balanced judgment. 
The student quite naturally believes that if he meets our tests he 
is prepared for a professional career, and we delude him. 

7. The outstanding teacher is difficult to discover, and préper 
promotion is one of the most difficult tasks which confront the edu- 
cational administrator. 

The engineering teacher has four major professional activities 
in which he may take part: first, and of course foremost, teaching; 
second, research, writing, and the affairs of national professional 
societies; third, participation in the committee work and other in- 
ternal affairs of his institution; and fourth, professional practice, 
either during vacations or during term time. Now it certainly is 
true that the best interests of the student body of any educational 
institution, and hence in the long run of the institution itself, re- 
quire that men of outstanding ability in the first of these, teaching, 
be diligently recruited, properly coached in their youth, and vigor- 
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ously encouraged by due recognition as they attain to full stature. 
Yet how often we feel that the surest road to promotion in the 
teaching profession lies in attainment in the other three fields! 
Excellent teaching unattended by accomplishment in the other fields 
may be carried on year after year, without its presence being appre- 
ciated by anyone but the inarticulate students who take so long to 
become influential alumni. Fortunately for our progress, ability 
in teaching is seldom thus unaccompanied; and in fact it is almost 
impossible for a man to be an inspiring teacher who does not also 
do some of these other things well. It is decidedly unfortunate, 
however, that the judgment of the teacher should be based so largely 
on activities secondary to his instructional function. 

There are several reasons which militate against the proper 
recognition of outstanding teaching ability, however zealous in that 
regard the administration may be. It is a highly intangible quality 
that is defined with difficulty. The rate of overturn of the product 
of a faculty is so slow that it sometimes takes a generation to dis- 
tinguish on the basis of ultimate results between real teaching and 
what appears to be real. But there is another and very definite ob- 
stacle in the way, for except during apprentice days, the results of 
a man’s teaching are examined in the school only by himself. 

Now, why do we continue to adhere to this system with all of 
its easily recognized defects? 

It is difficult to construct out of whole cloth a better system; 
there is the very natural tendency to multiply a type of known 
operativeness; and, from the standpoint of the teacher, there are 
some aspects of the present system which are quite comforting. It 
is, of course, much more soothing to examine one’s own product 
than to be subject to scrutiny of one sort or another. Students are 
tractable when they are under complete control by a grade. A sub- 
ject that remains static in content or treatment requires little effort 
to teach, and the present scheme does not force modifications. 

Yet it is not hard to recognize that the present is a time of 
change in nearly every field of endeavor, and that many forms of 
organization and activity long static are becoming decidedly dy- 
namic. As far as the teaching profession is concerned, there are 
some phases of the present situation which are salutary. The man 
of business does not now look upon the teacher as a singular creature 
who for some strange reason is content with a quiet life and an in- 
adequate income. With its comparative security, its well recog- 
nized intellectual advantages, and its much increased relative return, 
engineering teaching is proving to be an attractive profession. 
There should be no difficulty in securing recruits of high calibre for 
some time to come, for even if prosperity returns the lesson will not 
be quickly forgotten. Hence we are experiencing a singularly apt 
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time in which to put our house in order wherever we find on ju- 
dicial introspection that reform is necessary. We can well consider 
our antiquated system of examinations a case in point. 

If we conclude, then, that our educational scheme has serious 
faults and that these center largely about the retention of a multi- 
plicity of subjects, with their detailed examinations, and an ab- 
sence of examinations which force attention to broader phases of 
education, the obvious procedure is to change and to introduce a 
more effective scheme. There are several questions which arise 
immediately when this is proposed, first, the inquiry whether a 
change is possible at all in view of the conservative opinions widely 
encountered among engineering teachers, second, what the possible 
nature and the advantages of a substitute system might be, and 
finally the question of what a change of the sort would cost. 

One alternative system is that of the comprehensive examina- 
tion, which has already been studied extensively in this country by 
progressive educators, particularly in the colleges of liberal arts. 
It is time that we honestly admitted that the engineering schools 
have lagged far behind the arts colleges in the development of the 
broader scheme at which the comprehensive examination aims. We 
will soon have a report on this matter, for the Association of Ameri- 
ean Colleges has conducted an investigation of comprehensive ex- 
aminations in some fifty colleges, and is due to report this fall. 
There is hence no need to summarize the situation here, and indeed 
an analysis of the workings of various schemes would require far 
more time than we have at our disposal. Of course the scheme 
itself is much older than America, and the adaptation to American 
conditions, rather than the creation of a new procedure, is the 
problem to be studied. In this we can well lean on the careful ex- 
perimentation which has gone on about us, and the advice of those 
who are already pioneering in the engineering field. Harvard * has 
had general examinations for twenty years. These are compre- 
hensive in the major field of study, and have been adopted by nearly 
all undergraduate departments of the University, but not in cer- 
tain sciences or in engineering. The tutorial system which is an 
essential part of the scheme is worthy of any educator’s serious 
study. 

Another striking example is found in the Medical School of 
Yale University. Here there are subjects, but not courses in the 
ordinary sense. There is no required attendance, nor are there any 
examinations in specific subjects. A student has two comprehen- 
sive examinations; one at the end of his pre-clinical work, given 
by the clinical group to determine whether he is ready for advanced 

* ‘General Examinations and Tutors in Harvard College,’’ March 28, 
1932. Published by the University. 
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medical study ; and the other at the end of his clinical work to de- 
termine whether he is ready for the degree. No student is required 
to take either examination until he himself wishes, and he may cut 
short his period of residence to some extent by a successful early 
appearance. The examinations contain written, oral and practical 
work. The school admits about fifty each year from about five 
hundred applicants. I refer you to the very interesting papers of 
Dean Winternitz for further particulars. 

The experience of Swarthmore is highly illuminating and has 
been summarized for us by Professor Brooks.* We have also the 
pioneer work of Professor Jackson before us.t These are particu- 
larly pertinent, as the engineering school problem is in some ways 
unique. 

A review of all this experience, as far as it has been reported, 
indicates that, when accompanied by proper provision for guiding 
students, and when selection is wise, the scheme of comprehensive 
examinations has been notably successful. Admitting that its in- 
troduction into engineering education will involve a great deal of 
work, some missteps and controversy, I am convinced that when 
wisely administered it is well worth all that it involves. It can 
give us relief from many of the glaring defects of our present 
scheme, and it can produce other new results not now generally 
produced in engineering education. 

There is some strenuous criticism that we are training too many 
engineers. The Junior College movement is one result. The fact 
is, as most teachers will admit, that many of those we have trained 
are not engineers at all in the proper professional sense, but tech- 
nicians, valuable to society although improperly educated for their 
destined future. We have been training technicians and profes- 
sional engineers together in a process which is not well adapted 
for either. As we change, the growth of the honors system for 
the professional group, or something closely resembling it, is in- 
evitable. 

Certainly, with this situation before us, it is ineumbent upon 

***Reading for Honors at Swarthmore.’’ Robert C. Brooks. Oxford 
University Press, 1927. See also ‘‘A Study of the Liberal Colleges.’’ Leon 
B. Richardson. A report to the President of Dartmouth College. 

t ‘‘Educational Processes as Employed in the Department of Electrical 


Engineering at the Massachusetts Institute of Technology.’’ J. W. Barker 
and R. H. Frazier, JOURNAL OF ENGINEERING EpucaATION, March, 1929, p. 619. 


‘‘Needed: New Life in the Colleges.’’ D. C. Jackson, School and Society, - 


September 28, 1929, p. 415. ‘‘ Honors Study in Engineering.’’ R. H. Frazier, 
Technology Review, January, 1930, p. 147. ‘‘The Honors Group Plan.’’ R. 
H. Frazier, The Tech Engineering News, April, 1930, p. 85. ‘‘A New Era in 
Engineering Education.’’ R. H. Frazier and H. L. Hazen, The Bent of Tau 
Beta Pi, January, 1931, p. 15. ‘‘Educating for Responsibility.’’ R. H. 
Frazier, Technology Review (to appear in November, 1932). 
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engineering teachers to act constructively. The evils of the present 
system cannot be removed by minor changes, for they are inherent. 
A reasonable conservatism in teaching methods is laudable, but we 
should not allow it to impede our progress, for it appears that we 
are dangerously near to being left behind the procession. 

The term comprehensive examination may have various mean- 
ings. Such an examination may be comprehensive in scope, or it 
may test the comprehension of the student as opposed to his mem- 
ory of facts. I will use it to mean an examination which tests the 
grasp of a large associated group of subjects, emphasizing the inter- 
relations, searching and not superficial, with its primary emphasis 
on the analytical powers of the student, yet with a due attention to 
the development of habits of accuracy and observation. 

There are several places in our procedure where such examina- 
tions may be advantageously introduced. First, there would be 
real advantages, and also serious practical difficulties, in imposing 
a comprehensive examination as a test of fitness to enter the engi- 
neering school. Second, at the end of the period of basic studies 
such an examination may be used to determine fitness to enter pro- 
fessional study. Finally, and most important, the comprehensive © 
examination may become the single hurdle to be surmounted before 
obtaining the degree. It is on this latter use that attention should 
be focussed, as it is thus that such examinations will usually first 
be adopted. 

The introduction of a final comprehensive examination should 
ordinarily be accompanied by some form of counselling or tutorial 
system, for careful guidance of students will be needed. Relief 
from detailed examination in specific subjects, and even from any 
required attendance at classes, is connoted. 

It will be advisable that a change in systems be gradual, not 
only because students in general will need to develop a new atti- 
tude toward their work if they are to profit from increased freedom, 
but also because the staff will require time for adaptation as well. 
At first, in most institutions which are in a position to alter their 
methods at all, the scheme will certainly be applied to selected 
groups of students, and we will then have so-called honors groups, 
but ultimately I feel sure the system should be extended to all 
students in the upper classes of professional engineering study, 
and selection processes should be developed which will bar at the 
- outset those who cannot successfully undertake the responsibility 
of ordering their own lives. The time will come, and that sooner 
than many anticipate, when it will have to be frankly realized that 
the school which insists on spoon feeding as an educational process 
is not training professional men. 
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There is a natural division of our work into basic, professional 
and graduate studies. For students seeking advanced degrees we 
already place emphasis on student freedom and comprehensive ex- 
amination in most cases in which graduate work is in fact really 
advanced in its nature. The doctorate in engineering, as well as 
in science, is largely centered about a major examination and a 
thesis. Some study for the master’s degree is similarly oriented, 
although a great deal of such study comprises simply a year’s ex- 
tension of the undergraduate treadmill. If our period of under- 
graduate professional study is professional in fact, it must soon 
come to partake of this same nature. 

In the period of basic study we may well have a period of 
transition. Here, and in the preparatory study, those detailed 
working tools which are necessary equipment should be acquired, 
the habits of industry and accuracy should be engrained, mental 
discipline should be the watchword. It is too much to hope that 
the preparatory school will completely accomplish these things. 
Certainly, however, the period of basic study in college should be 
able to complete the task and to do something else besides. That 
something else should be to prepare the student’s mind for the 
professional life by providing an introduction to those independent 
processes of thought which are the prime attribute of the profes- 
sional man. This means a gradual release from detailed control, 
under guidance. It means also the partial substitution of a single 
comprehensive barrier to be surmounted in place of a multitude of 
low hurdles. An examination to test general fitness for professional 
study appears to be decidedly in order. 

The development of a proper system of comprehensive exam- 
inations, together with an adequate provision for student guidance, 
will take time; and it is to be hoped that the final product will 
differ markedly in individual schools. There are a few points on 
which I have already become convinced as a result of experience 
with honors group work, and these may be briefly touched upon, 
but a divergence of opinion on the details of the plan is very wel- 
come, for it may lead to a much needed individuality among schools 
instead of the present lockstep on curricula and methods. 

First, I believe the examination must ultimately and for best 
results be entirely controlled and directed by the individual school, 
and given by its own faculty. A general examination of national 
scope, dictated by government or a national society, would have one 
disadvantage that would override in my opinion its obvious ad- 
vantages. This would be the tendency toward bureaucratic 
domination, the dictation of a fixed type, the submergence of that 
individuality of separate schools which is inherent in the American 
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concept. The professional man should be a creature of too highly 
developed individuality to be subject to close standardization. We 
have altogether too close a parallel between the existing activities 
of engineering schools. 

The practice of some states which now require an examination 
for professional registration as an engineer, comparable to that in 
medicine or law, may be extended to all states, or even nationally. 
Such examinations have a proper purpose, to bar from professional 
practice those who have not invested with success a specified mini- 
mum of time and effort in preparation for a professional life. But 
the comprehensive examination I have in mind is for a different 
purpose. The Medical School of high standing gives its own ex- 
aminations for the degree, and expects that its graduates will pass 
the governmental examinations with comparative ease. The gov- 
ernmental examination sets a minimum standard, and that is its 
proper scope, while the comprehensive examination of the individ- 
ual school should go beyond this and set the standard of the insti- 
tution, the basis on which its reputation depends. Moreover, it 
should provide the emphasis to give each institution its mark of 
character and individuality, without which any professional train- 
ing would cease to develop in the broadest sense. 

While the advice of practicing engineers is exceedingly helpful 
and they should, of course, be consulted, the examiners should be 
faculty members. After all, the giving of a proper examination is 
an art, which is acquired only after long experience and thoughtful 
study, and it cannot ordinarily be learned by the practicing engi- 
neer as a side issue in a moment. Unquestionably, the practicing 
engineer of prominence is ready and willing to help, and in fact the 
generous attitude of practicing engineers toward the activities of 
our schools is phenomenal. Their contribution, however, is best 
made by suggestion and criticism, and the responsibility for the 
examination with its detailed formulation and application should 
rest squarely on the shoulders of the professional teachers, upon 
whose devotion and skill the ultimate reputations of their institu- 
tions depend. 

The comprehensive examination will, and should, require much 
time and effort on the part of the faculty. It will require less time 
than the present fragmentary system of examining students con- 
tinually, but it will be a task of considerable magnitude when ap- 
plied to large numbers of individuals. 

It should be searching and thorough, a real barrier and ordeal, 
so that it will not be entered upon lightly, nor will its outcome be 
generally predictable. Such an examination will automatically bar 
those of a timid nature who are unwilling to stand on their own 
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feet and struggle with severe obstacles. It is well that such should 
be discouraged from attempting to enter the profession of engineer- 
ing, which is not a sinecure. 

It should be comprehensive. As such it will need to be both 
theoretical and practical, or better, basic and applied. It will prob- 
ably be written and oral, and it may well include as a component 
part the individual creative project of the thesis. 

Its nature should be public and well advertised, that students 
may be continuously apprised of the professional attainment ex- 
pected of them, but its sessions should be private in order that they 
may be searching and intimate. Certainly its oral portions, and 
perhaps even its written parts, should be adapted to each individ- 
ual candidate. The examining group should usually be small, and 
the sessions should approach conferences, but there should be 
enough sessions and enough examining groups to cover the ground. 

These are my own opinions, and the ultimate form of the com- 
prehensive examination must evolve as a result of a consensus of 
opinion. I hold a brief principally for its rigor, comprehensiveness 
and individuality among institutions. 

There is no need to dwell at length upon the advantages of the 
comprehensive examination system, for most of them are obvious 
from a study of the defects of the system we now have. There are 
some that are not immediately apparent. 

One result of value is a new and finer relationship between stu- 
dent and teacher. It is not a simple matter to develop genuine 
friendship and a partnership in scholarly endeavor when the 
teacher is taskmaster, judge, and executioner. It is a highly en- 
eouraging light on our collective American character that such 
development occurs at all under present conditions. But when the 
artificial constraint is removed, when it is assumed at the outset 
that a student is striving whole-heartedly to prepare himself for 
useful service in the world, when the attention of the teacher can 
be directed to aiding the student to educate himself, there is a far 
larger opportunity for the exercise of that mysterious quality, 
which we all recognize and which none of us can define, that makes 
for power and lasting influence in an inspiring teacher. We may 
have systems galore, but the essential core of education is the in- 
dividual teacher in his intimate contact with the mind of his 
student. If the changed system did no more than to provide 
greater opportunity for the teacher of inborn excellence to prac- 
tice his art, it would be worthy of support. 

I do not advocate a sudden and suicidal change of front. We 
have erred too long, and the atmosphere created by our present 
system of minute control over every academic act of the student 

renders sudden release dangerous. We can never make the change 
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completely without an improvement in the selection process and 
hence we must experiment at first with selected honors groups, and 
look well to the modifications of our present archaic scheme of 
admission. We may be sure, however, that when a gradual and 
properly constituted change discloses those students who are con- 
stitutionally unadapted to use freedom to advantage, it has also 
uncovered those who are not adapted for a professional life. We 
should not rush headlong into a system of complete student free- 
dom, even under constant advice or tutelage, with comprehensive 
checks only after relatively long periods of study. Before this 
ean be safely embarked upon, the student body must be weaned 
from its long ineculeated habit of considering academic duty done 
when it has taken a daily prescription of study. It is hence perti- 
nent to discuss palliatives. 

It is no more than fair, for one thing, that all of our important 
written examination papers should be reviewed by someone uncon- 
nected with the teaching of the specific subject for the purpose of 
uncovering ambiguities and other faults before the papers are ad- 
ministered. It is also good practice to try them out for length of 
time required, by a process of evaluation which consists in timing 
an assistant, also unconnected with the course, while he takes the 
examination, and adding a liberal percentage. This, parenthetic- 
ally, is not at all bad for the assistant, who after all, is an appren- 
tice teacher. 

Joint composition of examinations by the group engaged in 
teaching a subject is excellent, as is joint grading, and these proc- 
esses are frequently practiced. But I do not know of any instances 
at present where subject examinations are entirely set and graded 
by members of the faculty who are not associated with the teaching 
of the subject. This is a step that has excellent possibilities. 

Personally, I see no reason why the final examination in a 
subject should not be open to any student who wishes to take it, 
even if he has not formally taken the subject in course. If the 
examination is an accurate test there would seem to be no valid 
objection to this procedure ; and if the examination is based on the 
subject and not on the specific details of one formulation of it, I 
believe there are many youngsters in college who could and would 
study on the side and pass examinations for advanced credit greatly 
to the relief of their schedules. Why, incidentally, are practically 
all of our undergraduate examinations written rather than oral, 
although we complain that our graduates cannot present their 
eases strongly in an interview? The possibilities of oral examina- 
tions in undergraduate work are interesting. 

There are undoubtedly other ways in which our present scheme 
of examination may be improved. Since we certainly have it with 
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us for a time, and since it may always be adaptable to technical as 
contrasted with professional engineering education, it should be 
improved if that is possible. Ultimately, however, and where pro- 
fessional engineering education is concerned, I feel it is wrong. I 
would not improve it. I would abolish it, as rapidly and generally 
as is consistent with the careful development of a substitute. 

Finally, we have to consider what a system of comprehensive 
examinations would cost. In one sense it would cost all of the 
money an institution could obtain for educational purposes, for 
that is what every system costs. A more proper measure is the 
eost per student, and we may consider that the question therefore 
may be resolved into the problem of the number of students that 
could be admitted and earried in view of the endowment or ap- 
propriations available. The experience of Harvard seems to be 
that the cost per student under the system of general examinations 
and tutors is not far different from the figure that would have been 
arrived at if the old system had been continued up to the present. 
This is probably due to the fact that money, which under the old 
system would have been used for an expansion in the variety of 
subjects offered, has become available to cover the cost of tutors. 
There is no doubt whatever that the superposition of a compre- 
hensive examination system upon the existing system, leaving the 
latter intact. would be an expensive process. It is not at all 
demonstrated, however, that the cost per student would be any 
greater under the new system after a complete change had been 
made, assuming that a sufficient amount were expended in each 
ease to do the work thoroughly as far as the system allowed. Of 
course there is no limit to the amount that can be expended per 
student under either system, in one case by providing a multiplicitv 
of courses with small classes, and in the other more time of the staff 
devoted to individual student guidance. The question to be an- 
swered is whether one system gives better results for each dollar 
expended per student than the other. It appears to me clear that, 
when the amount of money available is adequate to provide proper 
professional training at all, it can produce the best results if 
devoted to that system which has the fewest faults and the greatest 
advantages to the student when considered strictly as a system of 
professional training. 

In conclusion, I am convinced that a just estimate of our peda- 
gogical processes in engineering education today will conclude that 
in our undergraduate work we depart sadly from the true nature 
of professional education. The essential. reason for this is that we 
have held to an antiquated system of a multitude of loosely con- 
nected subjects with their own fragmentary examinations. It is 
time that we progressed. The road is open in at least one direc- 
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tion by the gradual and guarded introduction of a system which 
will extend to the student self-determination in his academic ac- 
tivities under wise and ever-present counsel, create an atmosphere 
of transition from the attitude of the schoolboy to that of the pro- 
fessional man, which will eliminate those who cannot stand the 
freedom of professional life, and nurture the individuality, initia- 
tive and resourcefulness of those who can. The central feature 
of this development is the comprehensive examination which must 
yet evolve into full effectiveness. 
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ANALYSIS OF THE PERFORMANCE OF COLLEGE GRAD- 
UATES IN STRUCTURAL ENGINEERING * 


By ALBERT REICHMANN 


Engineering, in a broad sense, is the science of utilizing the 
materials and forces of nature to serve the interests of mankind. 
It is the knowledge of the composition and behavior of materials, 
the application of the different forms of energy, the forces of na- 
ture, and the principles of science. 

Engineering development is the result of training and research. 
Technical institutions of learning, technical societies and publica- 
tions, as well as laboratories, contribute to its progress. 

There are many branches of engineering: Structural, mechan- 
ical, electrical, architectural, hydraulic, sanitary, mining, chemical, 
metallurgical, gas, military, naval, fire protection, and ceramic. 

As considered in this analysis, structural engineering is the 
application of engineering principles to the design and construction 
of projects, irrespective of the materials used, such as bridges, build- 
ings, tanks, towers, tunnels, locks, dams, piers, docks, flumes, 
runways, ete. The duties of the structural engineer comprise the 
selection of sites, making of designs and estimates, superintendence, 
investigations, appraisals, inspections, reports, and recommenda- 
tions in connection with these various structures. 

The choice of a profession is a problem of vast importance to 
a boy before entering college. He should give careful consideration 
to his selection, otherwise he may be disappointed in later life. The 
boy should be guided by the counsel of his parents, the judgment 
of older experienced friends, as well as his own inclination and 
aptitude. 

One boy reached his decision after employment in eight different 
occupations during the vacation periods of both high school and 
university. As a result of his experience, he chose engineering, 
and after graduation decided that his qualifications fitted him best 
for sales engineering. His instructors and friends in the profession 
concurred in his judgment. The varied experience he received 
during vacations not only helped him in the selection of his pro- 
fession, but also gave him a broader general knowledge which 
later was of material assistance to him in his work. Since gradua- 

* Presented at the 40th annual meeting, S. P. E. E., Corvallis, Oregon, 
June 29-July 1, 1932. 
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tion he has been employed continuously by the same company with 
considerable success as a sales engineer. 

Unfortunately, many college graduates are unable to chcose the 
employment for which they are best qualified, cr the employment 
which would offer the greatest opportunities for advancement. As 
a consequence, they become dissatisfied with their work and make 
frequent changes to improve their conditions. 

The engineer who frequently changes his position discovers after 
he finally decides to cast his lot with a particular organization that 
he has lost certain priority rights and that younger engineers with 
longer service are given preference in many cases, as their seniority 
outweighs the broader experience of the former. 

Many graduates place too much consideration at the start on 
initial compensation, working hours, and surroundings, and not 
sufficient consideration to the possible opportunities for advance- 
ment and ultimate success, with the result that they eventually find 
themselves employed in subordinate positions with few responsi- 
bilities and small salary. 

A graduate should decide at an early date whether or not to 
practice in general engineering, and if he so decides, he should 
set out to secure varied experience. If, on the other hand, he 
intends to specialize in a particular field, he should not spend too 
much time in work not related to his chosen profession. For in- 
stance, a graduate who decides to specialize in steel design should 
have shop and field experience and a thorough knowledge of con- 
crete and timber construction. Vacation periods, as well as the 
first year or two after graduation if necessary, can be used to 
advantage in securing practical experience. 


Civil Engineering Graduates in Structural Engineering 


An investigation was made to determine the number of civil 
engineering graduates employed in structural engineering and the 
degree of responsibility of their present positicns. It was difficult 
to obtain information along these lines as the records of the uni- 
versities which coéperated in this investigation are either incom- 
plete or not comparable. Only nine colleges of twenty-six solicited 
were able to supply the data desired. 

It was found impossible to ascertain reliable facts relative to 
the number of civil engineering graduates entering structural work 
immediately after graduation for comparison with the number of 
those remaining in this field at the present time in order to arrive 
at a percentage of engineers leaving structural engineering for other 
pursuits, and therefore, such percentage is omitted in the tabulation. 
The classification for the degree of responsibility is the same 
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as that in use at one of the leading universities. It is arranged 
n five divisions, as follows: 


— 


ns 
_ 


. Administrative: president, vice president, general manager, 
partner, dean, assistant dean. 

B. Supervisory: chief engineer, engineer in charge, director, head 
of department, city manager, consulting engineer, manager. 

In charge: construction engineer, maintenance engineer, design 
engineer, field engineer, county engineer, professor, associate 
professor, location engineer, operating engineer, research en- 
gineer, testing engineer, chief draftsman, promotion engi- 
neer, materials engineer, sales engineer, superintendent. 

D. Routine work: assistant professor, foreman, instrument man, 

instructor, inspector, draftsman, detailer. 
E. Sub-engineering work: rodman, chainman, tracer. 


o~ 


Graduates for the years 1900 to 1932 inclusive were considered 
in the investigation with separate groupings from 1900 to 1907 
and in five-year periods from 1907 to 1932. The number of gradu- 
ates, with the degree of responsibility of their positions, is shown 
in each of these groups. 

The total number of civil engineering graduates investigated 
is 6408. 

The number in the structural field at the present time (1932) 
is 2265, which is 35 per cent of the total number graduating in civil 
engineering. 


RESPONSIBILITY OF LAST KNOWN POSITION: 


Tora NuMBER 2265—100 Per Cent 





Graduates, 1900 to 1907 inclusive ......................- 382—17 per cent 
Cis: AOI 5. 555d 6.054, 9d sense eae as Gina § Sates 87— 4 per cent 
See IN S's ks 0:5. 01c's os hie Steele's baa Ss BU RNB en 130— 6 per cent 
iy ae TE 200s 2o o's oh FG FO 4 a eleleeie es Gaines ei9's 140—- 6 per cent 
fe MR OE ncn, ky Vins Wacaaep ding oe wine pa Vea ae Ae 23— 1 per cent 
ae. IES ie ae parier Sey aera eer 2— 0 per cent 
Graduates, 1908 to 1912 inclusive ..................2-0.- 416—18 per cent 
ee IID os oss 9 Gdrdbo% ob-Sb-0 ae xe oe 6 oe oie 75— 3 per cent 
ie NE icc .8:0) oda pear Bic Sg ota dea ne awa Ss 109— 5 per cent 
ier OE NR Sok oe ons sg pe ae ais mike oeew sie eas Oihy 205— 9 per cent 
St I Sco. 5 5 sus sb babe cick oS ab bee bee od bales 25— 1 per cent 
A eee rrr errr rere ee re 2— 0 per cent 
Pe, SOGS OO BOE IMOIUBIVO 2... ccs eesevs tecduces 331—-15 per cent 
i aI 5 5 Sy 515 B osiorni'e > 5,04: b y'n6-4 5 sd Walia 41— 2 per cent 
a ncn bolle p- sigh aw Duke Wain Wants 9 a0 b 82— 4 per cent 
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gaged in the structural field. 
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RESPONSIBILITY OF Last KNown Position—Continued 





Graduates, 1918 to 1922 inclusive ..................2.00. 363—16 per 
Fee IOS on wiipadis sh op one EE coisas 36— 1 per 
tag ce dR EER oe OT ee Ne ae 45— 2 per 
I Sos iain saa oes hyn cv weet 9 Weber mises euciuk cok 174— 8 per 
ee a eer ee Cane 107— 5 per 
Be Re I WOMIINE oso 6 nic, cnn Feces de vele owes 1— 0 per 

Graduates, 1923 to 1927 inclusive .............cccccecees 478—21 per 
es ENE aig Sie a osns 6 Gli cls w eee ERE soo 8d Sa eC 16— 1 per 
eR ee rs ere tear rere 26— 1 per 
RII eg os Na ala wne se die tag naig dae’ arclde win Se 183— 8 per 
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Graduates, 1928 to 1982 inclusive ..................see0- 295—13 per 
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Bee ES hat Gok cies ois Sahaia. 3 ecg esl dk Rp -a)e18 wwr-5 ein aoe 31— 1 per 
ee oS VS in. Sin nye ewaies s.e Sede e's pares 245—11 per 
PR Ee eee ree ee ee 13— 1 per 


Members of an Engineering Society 


An investigation was made of the membership of a large 
gineering society for the purpose of classifying the members 
The total membership of this society 
is more than 2800, of which 1012 are employed in structural work. 
These are classified into 43 divisions according to the positicn held 
or the kind of organization, whether colleges, consulting engineers, 
contractors, ete. 

The tabulation is based upon the positions designated by the 
members. Engineers are not always explicit in the use of te 
to designate their positions, and consequently, the classification is 
inaccurate where indefinite terms were used. For instance, 35 men 
‘‘structural engineers’? who could have been 
identified under several other headings. 
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4, Colleges—Executives, Heads of Departments .............. 7 
5. Colleges—Professors, Instructors ..............seeeeeeees 13 
6. Consulting Engineers—Members of Firms ................ 139 
7. Consulting Engineers—Engineers ............-2+eeseeeeee 42 
8. Consulting Engineers—Designers ............+--eseeeeees 56 
9. Consulting Engineers—Superintendents of Construction .... 12 
10. Contractors—Members of Firms ..................eeeee0% 64 
ee I, a Ss co dico o's 5 a Sea 'o0 3060 b0neseaees 36 
ee ID novices a ae Seeded eves se couwee 5 
Ea. CORISRSEO EE — CTU oo og oie oi ieyis arene sogvic de cvecnes 17 
14. Editors—Engineering Publications ..............-.+.+s05- 12 
15. Wrecting TEMQiMGOrs 2... ccc ccc ccc ccc ccccsvcrccccccces 2 


. Engineers on Research Work ...........-+sseeeeseeeeeees 17 
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. Fabricators—Members of Firms .................-.cccee: 


Ds, FEIN 5 oo og a cb cw 001d vas deen cnnen seniors 50 
19. Fabricators—Contracting Engineers ...................... 43 
20. Fabricators—Designers ....................:- i EE: 27 
a 10 
Sis, Se I aso oo bio Ws 6045-4 5.5 [5 0 o ose bess oe eed ber 28 
23. Fabricators—In Charge—Shop Departments .............. 10 
24. Fabricntore—Comstrnctiom- ....6s ccc ccc css ccescsenscevess 18 
25. Inspectors and Engineers of Tests ..................-.-05- 26 
26. Municipal, State and Government Engineers—Executives ... 5 
27. Municipal, State and Government Engineers—Engineers .... 46 
28. Municipal, State and Government Engineers—Designers .... 42 
29. Municipal, State and Government Engineers—Construction .. 15 
Ey INE oc awsos naicd ps suse nod hee Raed s x Oop Sy 1 
31. Railroad Engineers—Presidents, Vice-Presidents .......... 7 
32. Railroad Engineers—Engineers ...................0ee eens 60 
33. Railroad Engineers—Designers .................e.eeeeeee 38 
eee er ee ee 30 
RE ee ee ere Oe PP ee Ee rear G oe 4 
lg II INI, Fo 5s civ yn sble 6a SiS kops Shige me 45.0100 4 1 
Oe Se I os sh ciclc Sods 5b ae meses Od wpe wou 35 
DE ik duigcy agtnss ose. Stee wee sie.cneosdeds Vase avee 7 
39. Utilities—Presidents, Vice-Presidents, ete. ................ 1 
RL CR IID ico a's ids aie hace S Sid Swi eikeyin de pS EHS iss 14 
Re ee ee ee ee ee ee 7 
i NIE 6s Siciess wpe nbuwaces be meee sows ve pe> 14 
ey PE MI oo 555 0 cS case trentew sana eos ecsiahipeees 11 


The men were classified into five groups according to the degree 
of responsibility of their positions. Comparatively few engineers 
in subordinate places are members of engineering societies, which 
will account for the smaller percentage under Class D than one 
would expect. 


Be III, sha oad o's pies id wh ae pkgs tis ep soe 39— 3 per cent 
aS eee ere eee ee ee eee 212—21 per cent 
NE Weehiew hc Nie sents Neds iwsd ey eeeueyes 371—37 per cent 
Sih <I Nina: bos Vie ibs no diaks wa ore <bean s.> oxie-ass 383—38 per cent 
EH. Sub-Engincoring Work .........cesceercscese 7— 1 per cent 


Service Records of Engineers 


For the purpose of studying the different positions held by en- 
gineers before reaching positions of responsibility, quite a number 
of records of engineers were investigated and several have been 
selected as being typical of many successful engineers, which are 
as follows: 

(a) Graduate, 1892: Superintendent of construction, 11 years, 
Government; structural engineer, 11 years, consulting engineer; 
consulting engineer, 18 years, self; three positions in 40 years. 

(b) Graduate, 1897: Draftsman, 1 year, fabricator; bridge 
draftsman, 2 years; designer, 2 years, railroad; designer, 1 year, 
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consulting engineer; assistant engineer, 3 years; bridge inspector, 
3 years; bridge engineer, 23 years, railroad; seven positions in 35 
years. . 

(c) Graduate, 1900: Instructor, 1 year, university; bridge de- 
signer, 6 years, consulting engineer; principal assistant engineer, 7 
years, consulting engineer; consulting engineer, 18 years, self; 
four positions in 32 years. 

(d) Graduate, 1904: Instrument man, 3 years; field engineer, 
3 years, railroad; office engineer; principal assistant engineer; as- 
sistant chief engineer; chief engineer, 22 years, railroad; six posi- 
tions in 28 years. 

(e) Graduate, 1901: Teacher, 3 years, municipality ; draftsman, 
2 years, fabricator; shop inspector, 2 years, fabricator; designer, 1 
year, consulting engineer ; structural draftsman, 1 year, fabricator ; 
designer, 3 years; chief engineer, 8 years; engineer of bridges, 15 
years, railroad; eight positions in 35 years, of which four years’ 
experience was obtained before graduation. 

(f) Graduate, 1905: Steel detailer, 14 year, fabricator; bridge 
designer, 14 year; bridge inspector, 1% year, railroad; bridge de- 
signer, 1 year, consulting engineer; steel checker, 14 year, fabri- 
eator ; structural designer, 14 year, consulting engineer; bridge de- 
signer, 314 years, municipality; building designer, 3 years, con- 
sulting engineer; consulting engineer, 3. years, self; naval designer, 
1 year, fabricator; consulting engineer, 13 years, self; eleven posi- 
tions in 27 years. 

(g) Graduate, 1906: Draftsman and estimator, 7 years, fabri- 
eator ; engineer of bridges, 7 years, municipality; Army, 2 years, 
Government; assistant chief engineer, 7 years, fabricator; chief 
engineer, 3 years, fabricator; five positions in 26 years. 

(h) Graduate, 1907: Steel detailer, 6 years, fabricator; steel 
designer, 4 years, fabricator; Army, 2 years, Government; con- 
tracting agent, 9 years, fabricator; contracting manager, 4 years, 
fabricator; five positions in 25 years. 

(¢) Graduate, 1908: Structural draftsman, 5 years, fabricator; 
squad foreman, 3 years, fabricator; room engineer, 14 years, fabri- 
eator ; plant engineer, 2 years, fabricator; four positions in 24 years. 

(j) Graduate, 1912: Instrument man, 1 year; junior engineer, 
1 year, Government; structural draftsman, 5 years, fabricator; 
squad foreman, 3 years, fabricator; bridge designer, 8 years, fabri- 
eator; in charge of bridge design 2 years, fabricator; six positions 
in 20 years. 

(k) Graduate, 1914: Instrument man, 1 year, municipality; 
structural draftsman, 1 year, fabricator; bridge designer, 8 vears; 
resident engineer, 4 years; bridge engineer, 4 years, railroad; five 
positions in 18 years. 
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The average length of service in each position is four years and 
ten months. 


Drafting Department of a Structural Steel Company 


A study was made of the conditions surrounding the employ- 
ment situation in the drafting department of a structural steel 
fabricating company. The period covered in the analysis was from 
January 1, 1922, to January 1, 1932. The nature of the work is 
ordering material, detailing and checking shop drawings. 


Number employed January 1, 1922, and engaged since then 


CP Se ED Rg TEM ocd hig ceistn clea bos en eetaaaid 590—100 per cent 
ge ee A ae ey an 79— 13 per cent 
pmmmnUCeNG” Se UNNI 5 soo. 2 30's sos csheig 4 4 9rw wee Wie Store 511— 87 per cent 


ToTaL NUMBER OF RESIGNATIONS 


IN 5 sc adan's 64.5 RSG taco Ae hve >-b baie aka chan 363— 63 per cent 
Loaned out, engaged for summer only, transferred to other 

departments, men borrowed and returned .......... 88— 14 per cent 
Rn ae Oe SRO ME WOU cise noes occa ape eecie hss tate eee 60— 10 per cent 


VOLUNTARY RESIGNATIONS 


Oe OMNNG DUNNO. ose ovine «vinice ap eey waviny do as ba 198— 34 per cent 
ee III 8 5 coo 5 vin s 55 9'¢ 5's 4's: Sou aehosiscy eps 34— 6 per cent 
Se OUR COUN ORNOUNIND ooo cov iccn sce ccsorcceses 29— 5 per cent 


To take up contracting, teaching or business ............ 37— 7 per cent 
0 Tivo Mane ROMS OF PRTOMIG 5666 id vie sc eve cece 22— 4 per cent 
To seek out-door work, ill health ....................00% 7— 1 per cent 
Eatt for preferred Ont-door WoOTk.......0..5.. ses sscovesel 16— 3 per cent 
PURIEEy G0 GONeeme ZOU WORM oo... so 0 50.0 sie se vin 00.080 nedesce 8— 1 per cent 
To return to college ... 2... cccccccscsccvesccescscccees 12— 2 per cent 
Length of Service 
On 50 SOMES GUUE.,. 6.5:6.5.0.5.5's ceed ng bicvians pe bdses 36— 6 per cent 
ener S00 Ge GUND WORE o.oo. 50s cece teabnss vceeeoe 174— 30 per cent 
Remaining less than 3 months .............cccccecesecs 54— 9 per cent 


Average length of service—590 men—3 years 3 months. 


The technical education of the 590 men was received from the 
following sources: 


American universities or colleges ................ 382—65 per cent 
Foreign technical schools .............cscccsese 40— 7 per cent 
College students—non-graduates ................ 12— 2 per cent 
Night schools and home studies ................. 156—26 per cent 


A large percentage of those who resigned voluntarily no doubt 
felt that they had secured sufficient experience in structural draft- 
ing to conform with their plans for varied experience before taking 
positions offering greater responsibility and compensation. 

Those who resigned with less than three months’ service did 
















344 PERFORMANCE OF COLLEGE GRADUATES 


not receive any benefit from their short service. Too many men 
resigned with less than one year’s experience. It is generally con- 
ceeded that a man should stay at least two years in structural draft- 
ing to the mutual advantage of himself and employer. 

A small percentage belonged to the unfortunate class who were 
obliged to leave the drafting room because of ill health or who were 
ineapable of doing the work or who disliked drafting. The latter 
were misplaced and did well to change to other vocations. 


One Hundred Selected Engineers 


The statement is frequently made of a successful engineer or 
one promoted that his success is merited or he is well qualified to 
fill the higher position. There is a correlation between the per- 
formances and qualifications of engineers. An analysis of this 
phase reaches back not only to the college days, but even pene- 
trates into the high school days and home life for the determina- 
tion of those influences shaping the destinies of engineers. <A re- 
quest in the form of questionnaires was made of American college 
graduates, seeking their opinions relative to the training and quali- 
fications of engineers. One hundred replies were selected from 
about 125 received. Those accepted were preferably from the older 
graduates and those in positions of responsibility. 

It is natural to expect that there would be different opinions, 
influenced principally by the differences in vocations, the varied col- 
lege courses of recent date and a generation ago, and the personal 
equation. Some of the older graduates, it will be noted, suggested 
ideas which agree with the presént plans of many colleges. There 
was no implication of criticism of the college courses as means to 
securing an education, but rather commendation of the achieve- 
ments and the indispensability of colleges as a medium of training 
engineers. 

Many of the engineers gave very thoughtful consideration to 
the questions asked. Their abilities, combined with many years 
of experience as a background, gave considerable weight to their 
replies. The one hundred engineers are graduates of thirty-nine 
universities and colleges. Twenty-three of these men have over 
twenty-five years of experience ; twenty-one from twenty to twenty- 
five; eighteen from fifteen to twenty; eleven from ten to fifteen; 
twenty-five from five to ten; and two under five years. Classifying 
these men according to degree of responsibilities : 
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heading is given in parenthesis. 


Some of the best opinions are quoted from the questionnaires to 
show the trend of thought. They are reported separately as (a), 


(b), (ce), ete. 


1. WHICH STUDIES HAVE BEEN MOST BENEFICIAL TO YOU IN YOUR 


WORK SINCE GRADUATION ? 


The replies in the order named are: Pure mathematics (78) ; 
mechanics (69); engineering design (44); mechanical drawing 
(30) ; English rhetoric and composition (29) ; theory of structures 


(28); strength of materials 


laboratory work, and masonry. 


Several stated that all of their subjects were useful. 


345 


Each of the five questions in the questionnaire is reported sep- 
arately, with the replies given in the order of number of sugges- 
tions received. The various ideas conveying similar thoughts are 
combined under one heading, and the number of replies under each 


(28); reinforced concrete (21) ; 
physies (20); and economies (12). 
Some named surveying, natural sciences, shop work, hydraulics, 


(a) As reflected in work, probably mechanics and structures, 
but considering the development of the mind, probably all studies 
had an important effect, so that I do not believe one to be more 


beneficial than another. 


(b) Difficult to allow proper credit for studies taken even 
though they are not used knowingly in my line. 
(c) Before entering college I had a number of years’ experience 
on construction work, such as buildings, bridges and hydroelectric 
developments, and had been in charge of some large and highly 
important engineering work. My knowledge of design was limited 


to what I had acquired by self-study. 


I entered college to secure a 


better knowledge of the design of such structures I had been en- 
gaged upon. In college I was successful in securing the knowledge 
I desired, and this acquired knowledge enabled me to rise to the 
positions to which I aspired. Everything that I learned in college 
I found of value. There was no one study which I could say was 


of more value than the others. 


2. WHICH STUDIES DO YOU 
USELESS TO YOU IN YOUR WORK? 


CONSIDER HAVE BEEN 


APPARENTLY 


The studies in the order named are: Foreign languages (35) ; 
chemistry (24); boilers, gas, and steam engines (15) ; electricity 


(12) ; and shop work (12). 


A number of engineers (24) stated that none of the studies was 


useless. 


Some named hydraulics, caleulus, economies, surveying, geology, 
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astronomy, roads and pavements, sewage and water supply, history, 
sanitary engineering, geodesy, and least squares. 

(a) I was required to have six years of foreign languages. 
These six years of foreign languages have been absolutely useless. 
Geology might have been useful if it had been geology for engi- 
neers. College shop work is worse than useless. 

(b) Caleulus as taught. 

(c) I doubt if any is useless when considered as mental devel- 
opment. Problems that are met and solved are not those found in 
text books, but are solved by the use of the mind. 

(d) All studies have value. Foreign languages are least valu- 
able. There is a value in securing a general college education even 
if not used in structural engineering work. 

(e) None has been entirely useless, but some time was spent 
on chemistry and shop work that could have been used to better ad- 
vantage otherwise. 

(f) Economies as taught. 

(g) I consider no study offered useless if it is conscientiously 
pursued. 

(h) I do not believe in too much specialization in a four-year 
course. 


3. CAN YOU SUGGEST ANY ADDITIONAL STUDIES WHICH YOU FELT 
WOULD HAVE BEEN OF ASSISTANCE TO YOU? 

The majority of suggestions under this heading favored eco- 
nomics (63). The next in number were public speaking (33), and 
English rhetoric and composition (21). 

Other suggestions named were cultural studies, psychology, 
practical calculus, structural design, shop practice, practical de- 
sign, higher statics, indeterminate structures, steel erection, build- 
ing construction, athletics, and vocational guidance. 

(a) An engineering student should be required to take English 
composition four years. He should also be required to take public 
speaking and a short course in finance. 

(b) Intensive training in practical problems in structural de- 
sign and wider testing laboratory experience. 

(c) Principles of finance for corporations, law as applied to 
liability and a more extensive course in law contracts. 

(d) Publie speaking and study of human relations. 

(e) Business law, legal decisions relative to engineering prob- 
lems, and business management. 

(f) Engineering and business economies. Classical economies 
is of little value. 

(g) More emphasis on public speaking ; also on athleties. 
(h) Any of several subjects, dependent upon the individual, 
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which develop his poise and ability to meet and to easily speak pub- 
Jicly. 

(i) Publie speaking, preferably in argumentation. 

(j) More stress on economies, English, specifications, and con- 
tracts. 

(k) English, rhetoric, economies, psychology, history, and in 
general any cultural studies. 

(1) A more thorough treatment of engineering subjects. 

(m) Accounting, public speaking, steel erection for bridges 
and buildings. 

(n) Practical application of caleulus. 

(o) Cultural studies. 

(p) I believe that more time should be spent on mathematical 
and pure scientific subjects and less time on trade subjects. Abil- 
ity in the latter is readily acquired by one with good scientific 


knowledge. 
(q) Voeational guidance, business law, accounting and ste- 
nography. 


(r) Subjects treating with engineering economics. Subjects 
to develop self expression, so as to enable the engineer to impart 
his knowledge to others. 

(s) Courses of general interest in life aside from the technical 
studies should have some place in the schools. 


4. HAVE YOU ANY SUGGESTIONS IN REFERENCE TO NUMBER OF 
YEARS OF COLLEGE COURSE, METHODS OF TEACHING (LECTURES, RECI- 
TATIONS AND EXAMINATIONS) OR TIME DEVOTED TO EACH STUDY ? 

The largest number of suggestions (27) favored four years for 
the length of the college course. Nineteen suggested five years. 
There was a diversity of opinions of the distribution of studies over 
these periods. 

Two thoughts prevailed throughout the replies, one that the 
fundamentals of mathematics and engineering (21) should be 
taught thoroughly and time devoted to the practical application of 
the fundamentals rather than advanced studies; the other that lec- 
tures (14) in the class room are academically less productive of 
results than recitations. 

(a) Four years, provided entrance requirements are high 
enough. 

(b) Four years in general engineering with provision for two 
years’ special training and leading to C.E. degrees for those who 
ean afford it. 

(c) Four years are sufficient with less lectures than at present. 
The first three years should be given to general education, the fourth 
to the desired branch of engineering. Specializing will come after 
graduation. 
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(d) Four years should be sufficient. With the preparatory 
training that a boy gets in an up-to-date high school, it should be 
possible to take considerable time from the shop and laboratory 
schedule and apply it along lines of general business training with- 
out sacrificing any of the fundamentals of engineering. Some in- 
ducements should be offered to bring ambitious graduates back for 
advanced degrees after a few years of experience. A year in col- 
lege then would be worth much more than the same time added at 
the end of the four-year course. 

(e) More opportunity should be offered the student to gain an 
understanding of the usefulness of theory as applied to actual 
practice. This can be accomplished by close codperation between 
large industrial and governmental bodies by establishment of some 
form of rotation of employment for students at nominal pay with 
such bodies. Experience obtained in this manner should become a 
part of every engineering course after the first two years of study 
which should consist of general preparation, after which the time 
spent in specializing becomes almost a necessity. Such an arrange- 
ment would of necessity increase the time of college work, but by 
eliminating the usual summer vacations nearly one year’s time 
could be gained, and in this event four full years should be sufficient. 

(f) Engineering should be a five-year course with more thought 
to practical engineering. The apprentice, or so-called codperative 
course, is a good one. 

(g) I should make five years the minimum elapsed time be- 
tween matriculation and the college degree, conditioned so that the 
third or fourth year might be spent in professional work with pay. 

(h) Three years of fundamentals, including English and public 
speaking ; two years of application, including advanced courses, or- 
ganization, financing, and management. 

(7) Believe that six years should be spent on a well balanced 
engineering course. This should eliminate some from a crowded 
profession. 

(j) As far as possible, recitations and examinations should be 
the general method of teaching. All structural engineering sub- 
jects should be taught by men who have had practical experience. 
There should be special stress in thoroughness of all mathematical 
courses and their practical application to engineering problems. 
The engineering course should be five years long. 

(k) I would abolish examinations requiring the usual cram- 
ming merely to pass an examination; the system is wrong. 

(4) I believe the universities of our country have a responsibil- 
ity that does not end with teaching the student such facts as will be 
of value to him in his future business. We must depend largely 
upon our college graduates for our future leaders. A man should 
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function in his community more than merely as a wage earner. I, 
therefore, feel that a too highly specialized training for the masses 
may not be the best for the country. Even applied to engineering, 
there are so few engineers who know the type of work they are to 
follow, which in many cases is determined by luck and influences 
beyond their control, that they will be better equipped with a gen- 
eral engineering training, leaving for the future their more spe- 
cialized training. Graduation is not the end but merely a step 
in his training. The university should give the fundamentals which 
are to serve as a foundation on which he must build his more spe- 
cialized training. 

(m) I suggest that visual instruction be given careful study— 
slides, movies, and sound pictures. 

(n) I believe the student obtains the most benefit from recita- 
tions in the class room, with black board work. The classes at most 
universities are too large to permit personal contact between the 
student and his instructor. 

(o) Recitations rigorously conducted for small sections with 
accompanying lectures, very long severe examinations with a low 
passing standard and limitation of the number of studies carried 
in accordance with the mental speed of the student. 

(p) Reduce lectures to a minimum. Students should recite and 
work out problems. Frequent comprehensive quizzes and no final 
examinations. 

(q) A permit to practice the profession should be required by 
all states. Engineers in subordinate positions should also be 
licensed. 

(r) Would recommend more inspection trips to develop a sense 
of proportion and reality in students. 

(s) The system of teaching mathematical courses could be im- 
proved. In fact, when one comes in contact with an engineer edu- 
cated in a foreign country, the ease with which he uses his mathe- 
matics is noticeable. 

(t) Most examinations are a test of a man’s memorizing ability 
instead of his ability to apply the theories he has been studying. 

(w) Laboratory work is the most impressive method of in- 
struction. 

(vw) Think that too much emphasis should not be placed on any 
special course, such as structural, hydraulic, railroad or highway 
engineering. Would prefer same course for all civil engineers, and 
let them specialize after graduation. This will give a broader gen- 
eral knowledge. 

(w) My only suggestion is that more problems taken from actual 
practice should be included in the engineering courses. 
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5. WHICH QUALIFICATION DO YOU CONSIDER OF MOST IMPORTANCE 
IN CONTRIBUTING TOWARD SUCCESS IN YOUR LINE OF WORK? 

The many varied replies to this question are grouped under 
general headings for comparison. 

Mental ability, variously termed clear thinking, concentration, 
analyzation, memory, imagination, initiative, judgment, observation, 
alertness, executive ability, and accuracy, was given in seventy re- 
plies as the most important qualification to success. Twenty-eight 
replies gave personality as the most important qualification, and a 
like number, knowledge. Twenty-one considered character; nine- 
teen, industry ; sixteen, the application of knowledge; thirteen, ex- 
pression ; twelve, technical training; eleven, interest in work; and 
eight gave health as the most important qualification. 

(a) Eighty per cent personality, including responsibility in 
thought and action, mental energy, conscience, and pleasing man- 
ner. Twenty per cent experience and technical training. 

(b) Native ability, absorbing interest and willingness, outside 
studying and reading, loyalty to employer, developing executive 
ability by assuming responsibility and keeping an open mind. 

(c) Proficiency in mathematics, mechanics of material, prin- 
ciples of projection and perspective, physics, chemistry (as applied 
to engineering materials) and English language. One of the chief 
merits of English language study is the development of precision 
in expression and the ability to classify and organize information, 
so that it can be made useful to one’s self or transmitted without 
impairment to others. 

(d) Technically—Ability to adapt theoretical design to prac- 
tical methods of fabrication and construction. 

Generally—Winning and retaining the respect of others as to 
engineering ability and personal character. 

(e) Knowledge of fundamentals and ability to continue to learn. 
Industry. Thrift. Ability to ‘‘sell’’ one’s self and ideas. 

(f) Honesty of purpose, sufficient interest in work to study and 
keep informed on all up-to-date practices and regularity of habits. 

(g) Willingness to work, to do more than enough to get by. 

(hk) Being fortunate in getting into the right kind of an or- 
ganization where there are opportunities for advancement. 


Summation of Ideas 


The numerous replies received expressed many diversified opin- 
ions ; nevertheless, one is impressed with the unanimity of thought 
along certain lines. The engineers are in different vocations and 
were trained in different colleges at different periods, varying as 
much as twenty-five years, which naturally is reflected in the re- 
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plies. That which follows is a summation of the ideas prevailing 
throughout the questionnaires. It will be noted that the views do 
not differ greatly from existing college curricula, but on the con- 
trary, many are in accord. The views are presented to emphasize 
their importance rather than their originality, for similar views 
have been presented in numerous papers and discussions. 

Although home environment is the important medium for mold- 
ing character, colleges have the responsibility of providing such 
influences as will counteract the temptations surrounding a boy 
when removed from parental care. Much good can be aeccom- 
plished by supervision of the students’ living quarters and the re- 
strictions under which they live. This should be supplemented by 
a periodic investigation of public amusement places accessible te 
students for assurances as to their respectability. 

The welfare and the physical training of students are also mat- 
ters of vital importance. A course in physical training and hygiene 
under medical direction should be made compulsory throughout 
the collegiate course. The training should be primarily gymnasium 
work and such sports as swimming, tennis, base ball, basket ball 
foot ball, ete., elective. Provisions for good medical and hospita! 
care greatly relieve the anxiety of parents and guardians. 

College professors and instructors have the opportunity to ob 
serve the students who may be preparing for work for which they 
have no natural aptitude and for which they are not fitted. The 
teachers can perform a service of incalculable value to these stu- 
dents by a frank discussion of the students’ plans and by wholesome 
advice. There are engineers in the wrong field to-day, who, in 
their proper spheres, might have become famous as surgeons, law- 
yers, financiers, or artists. 

The majority of the replies indicated a preference for a four. 

year course leading to the degree of Bachelor of Science; and it is 
apparent that a general engineering course should take four years 
and such elective studies as desired may be taken during the fourth 
year. A post graduate course of one year should be optional and 
should confer the degree of Civil Engineer. An advanced degree 
should also be given to non-resident engineers after the fulfillment 
of prescribed requirements extending over a period of at least three 
years. 
The classes should preferably be small in order to permit fre- 
quent recitation by the students and to allow closer contact with 
the instructors. Lectures are considered of little value compared 
with oral or black board recitations. The final examinations at the 
end of semesters cause cramming without permanent retention, and 
should be dispensed with. Grades should be based on the oral and 
black board recitations and drawing-board work, and quizzes should 
be given unannounced from time to time. 
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It is well known that engineers as a class are poor writers and 
speakers. Evidently these weaknesses are recognized by the engi- 
neers themselves, as many recommendations were made for ex- 
tensive training in English and public speaking. The study of 
English, which should continue throughout the entire course, 
should include composition and the writing of letters and reports. 

A foreign language is of assistance to many engineers in study- 
ing engineering developments in other countries and is a necessity 
to engineers entering foreign service. 

Cultural studies are indispensable to a general education and 
are of the same value to engineers as to those of other professions 
These studies should be given during the entire four years, as they 
require little time in preparation and class room. 

The study of economies is conspicuously mentioned as important 
to the well balanced training of an engineer, and should be a gen 
eral course with particular attention given to the divisions pertain- 
ing to engineering. 

The subjects of pure science should be limited to elementary 
studies of chemistry, geology, astronomy, and physiography. 

The study of physies furnishes the basis of engineering prin- 
ciples. The work in elass room and laboratory should be very 
thorough. 

The teaching of mathematics, mechanics, and kindred subjects 
should be limited to principles with practical applications. The 
fundamental principles should be thoroughly drilled into the stu- 
dents. It is of more importance to devote time to the fundamentals 
than to the solution of intricate problems which are soon forgotten. 
Caleulus may be considered as an illustration of this point. The 
knowledge of calculus is essential in the derivation of formulas 
and in the solution of problems, yet few engineers can apply cal- 
culus. The principles should be so taught that calculus may be 
used with the same facility as algebra. 

The course in design should deal with practical every-day prob 
lems, rather than with the unusual complex problems which are 
rarely met in actual practice. Instructors of design should, as far 
as possible, be men of practical experience in modern engineering. 

The time devoted to surveying should be limited to the learning 
of rudimentary principles, since very few engineers have occasion 
to use their knowledge of surveying. Practice in the handling of 
instruments is easily acquired in actual experience. 

There is a difference of opinion in regard to the advisability of 
teaching shop work in the colleges. Many engineers do not directly 
apply their knowledge of shop work, but nevertheless, it is useful 
indirectly to practically all engineers. For instance, detailers, de- 
signers, instructors, estimators, appraisors, consulting engineers, 
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and research engineers must be familiar with shop operations in 
their practice. This list comprises the great majority of those in 
the structural field. It seems advisable, therefore, to teach shop 
work in the engineering courses. 

Many comments were made about the benefits derived by the 
students having practical experience before the end of the college 
course. This can be arranged by employment during vacation 
periods, and credit given therefore as a requisite for graduation. 

The trips of inspection to industrial plants or works under con- 
struction, a policy followed by many universities, are considered as 
having a tendency toward broadness, and in many cases, seniors 
have found the inspection trips a means of contact in securing posi- 
tions after graduation. 

An engineer must continue his studies after graduation to keep 
pace with the developments and progress in his profession. The 
studies should consist not only in reviewing text books pertaining 
to his work but also in reading current engineering literature. 
Affiliation with and participation in the activities of one or more 
national technical societies is also advisable. 

The professions of structural engineering and medicine are 
comparable in one respect, in so far as both safeguard human lives. 
They differ in another respect—the fatal errors of engineers are 
always uncovered. The motives for licensing physicians will apply 
equally well to engineers. Most states have license laws for struc- 
tural engineers at the present time. The benefits of such laws would 
be enhanced if all the states had uniform laws with high standards 
governing the qualifications of applicants for licenses and recip- 
rocal agreements permitting a licensed engineer in one state to 
practice or design work for construction in other states. 
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TECHNICAL EXPOSITION FOR THE GENERAL 
READER * 


By JOHN MILLS 
Director of Publication, Bell Telephone Laboratories 


When the Director of your summer school proposed that I should 
speak on the subject which has been assigned to me I suggested that 
the title of my talk be ‘‘Styling an Engineering Idea’’ or preferably 
‘What the Well-Dressed Technicality May Wear.’’ The sugges- 
tion was rejected in favor of the present title. 

This incident is mentioned not for its own importance but be- 
cause it illustrates, I am afraid, the engineering attitude in exposi- 
tion for the general reader. Whatever may be said in favor of 
entitling material completely and exactly for presentation to an 
engineering audience, uninterestingly exact titles will deter the 
general reader. 

For such presentation I insist the idea must be styled. It must 
be carefully dressed in a manner suitable to its audience and attract 
favorable attention upon first glance. Its tone must be human, its 
coloring warm, and its mood varied, never monotonously heavy nor 
tiringly light, and certainly never drab. All of its accessories also 
must be in artistic harmony and should be skilfully devised since 
they may produce the more lasting impressions. Only when well 
dressed will the technicality have a chance of acceptance. The 
tailor’s task is to dress the idea, for although the nude human figure 
may have appeal, the stark technical idea has none for a general 
audience. 

Dressing a technicality is a work of literary art, creative in the 
same sense, whether or not to the same degree, as the scientific or 
engineering work which produced the idea itself. It must follow 
the same procedure of thought as any creative work—for only so 
will the resulting product be more than a mere mechanical as- 
semblage of words, a presentation with the interest and emotional 
content of a specification. 

The facts which the engineer has discovered are, to change the 
analogy, like nuggets and rock samples gathered by an explorer. 
Sound and intrinsically valuable although they may be, they must 
be mounted against a proper background, arranged for symmetry 

* A lecture delivered at the English Session of the S. P. E. E: Summer 
School for Engineering Teachers, The Ohio State University, July 26, 1932. 
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and emphasis, and lighted for the display of their important char- 
acteristic features before they will attract more than passing atten- 
tion from the general public. Only a part of the collection can be 
exhibited or else it will look like a rock pile: selection and ruthless 
elimination are demanded even if some of the explorer’s most cher- 
ished specimens remain unexposed in their storage cases. Selection, 
arrangement, background and lighting constitute an artistic task 
which is too often beyond the talents of the explorer himself. 

The exposition is a creative work, developed by processes of 
thought similar to those involved in any artistic production. (As 
a matter of fact the processes are also similar to those employed in 
any constructive, creative, or inventive thinking in science or engi- 
neering.) An analysis of the essential types of thought which most 
nearly conforms to my own observation and experience is that of 
Graham Wallas whose Art of Thought may well be read by every 
serious student of verbal expression. 

Wallas is concerned with the art of thought as a modification by 
conscious effort of a ‘‘natural’’ form of behavior. To illustrate let 
us interrupt the present discourse by a pause of several seconds. 
During the past few seconds each of us has had pass through his 
mind a train of ideas, mental pictures, or emotions—whatever you 
wish to call them; perhaps we have even engaged in silent dia- 
logues. Each of us has been conscious of a train of ideas—an asso- 
ciation train. This association of ideas is a natural process and it 
is Wallas’s concern in this book to indicate how and at what stage 
in the process to bring conscious effort to bear. 

As he says, if we examine a single achievement of thought we 
can distinguish four stages: preparation, incubation, illumination 
(with its earlier intimation) and verification. 

At the preparation stage we consciously accumulate knowledge, 
divide up by logical rules the field of inquiry, and adopt a definite 
‘problem attitude.’’ For one engaged in technical exposition for 
the general reader this stage is one in which he first familiarizes 
himself thoroughly with the scientific material, if, as sometimes 
happens, he is describing engineering accomplishments other than 
his own. Next, to paraphrase Wallas’s words, he considers logically 
the field of his activity, that is, technical exposition. He attempts 
to define for himself the audience which he wishes to address and to 
analyze his motives and necessities in reaching that audience—what, 
in other words, it is important to him that he transmit to the audi- 
ence and conversely what are its instinctive interests and limitations. 
Knowing his material and with some ideas as to what he wants to 
effect, he now adopts a problem attitude. He wishes to determine: 
what aspect of the material shall be presented first to his audience? 
in what tone and style? and what then shall be the sequence? 
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That is what he wants to decide. He states the question to him- 
self, adopts the problem attitude and enters upon the incubation 
stage. At this stage, as Wallas says, one can consciously arrange 
either to think on other subjects than the proposed problem or to 
rest from any form of conscious thought. The second form of incu- 
bation, he considers often necessary for the severer types of intel- 
Jectual production which would be hindered either by interruption 
or by continuous passive reading. In the milder types, of which ex- 
position is one, the necessary period of incubation can be spent at 
the wood pile, performing, physically or mentally, some familiar 
and repetitive task which neither involves nor admits of much ex- 
ternal distraction. 

Such an intuitive period of incubation must follow, for creative 
work, that of preparation, with its conscious, systematic and fruit- 
less analysis. Whatever its duration, it terminates with intimations, 
from the trains of association which are forming, that solution of 
the problem is about to flash into consciousness. One feels, or 
knows, that he is on the verge of getting the idea he needs; his mind 
is ready for the task and tentative unsuccessful trains pass through 
it. There are faint intuitions and elusive ideas which vanish time 
and time again before, with a click, the happy idea arrives ‘‘ without 
effort and like an inspiration.’’ This is the stage of illumination, 
the shortest usually of all but, as far as originality of work or ex- 
pression, the most important. 

With the genesis of the idea from obscure actions of the sub- 
conscious, with the flash of illumination, the creative task is finished ; 
and the thinker enters upon the fourth and last stage of Wallas’s 
classification. This stage of verification, like the first of prepara- 
tion, is a definite conscious activity where all the rules of logic 
apply. The idea must be studied and criticised, tried out and 
checked. If it fails of verification a successor may arise promptly 
from the subconscious, or a further period of incubation may be 
necessary—to be preceded perhaps by a rapid review stage of 
preparation. 

For the expositor, illumination means ideas as to the order of 
presentation, the tone, and the keynote. The subsequent verifica- 
tion requires an actual arrangement of the words and paragraphs 
in an atmosphere of self criticism, both of details and ensemble. 
Ultimately verification is completed and the exposition, passing its 
final criticism, is accepted by its author. 

In the usual run of scientific exposition the middle stages of in- 
cubation and illumination are missing; and the result is a stereo- 
typed, but so-called logical, treatment without a spark of life or of 
emotional appeal—as attractive as the conventional newspaper 
caricature of the Dry Cause. A paper may be free from grammati- 
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eal error and uncouth expression, with its thoughts following in as 
formal a logical order as the terms of an arithmetical series, and 
yet be as ineffective as an automobile run out of gas. ‘‘There is no 
magic,’’ as John Dewey said in Democracy and Education, ‘‘at- 
tached to material stated in technically correct scientific form.’’ 
‘*Moreover,’’ he continued, ‘‘this form of statement removes it fur- 
ther from fruitful contact with everyday experience than does the 
mode of statement proper to literature.”’ 

You may write for the engineer in the standard manner, if you 
wish, although, I believe, there are methods of exposition better 
adapted; but for the general reader you must attempt literature. 
When Theodore Roosevelt was preparing for his trip to South 
America a newspaper man, scanning the books he was taking, com- 
mented on the absence of any on science. ‘‘ But science is so rarely 
literature,’’ was the penetrating reply of the man who symbolized 
the average American of his time. It is true we have, or rather our 
English cousins do, our Jeans and Eddingtons but the writings of 
most of our eminent scientists and engineers are free from any taint 
of literature. This freedom is not for lack of inherent ability or 
low I.Q. but because the mind which takes naturally to science usu- 
ally resents the idea that other than conscious processes may be 
responsible for its output; in fact, it seorns such intrusions of the 
subconscious as ‘‘hunches’’ to be deplored as dangerous engineering 
and the mechanism of the scientifically unsound. However intensely 
the scientist may wish to be creative in his work, he dreads creation 
in its exposition, although he thus limits his audience to those like 
minded. 

In this he resembles his fellows in the older profession of law. 
An acquaintance of mine was adviser for a number of employee 
magazines, or house organs, in industries which were instituting a 
scheme of group insurance. Efforts were made to explain the pro- 
visions of the policies to the employees through articles in those 
magazines, but the articles had to be approved by the actuarial and 
legal departments of the insurance company. By the time the 
changes recommended by both departments had been incorporated 
in the manuscripts, the articles were identical in wording with the 
policies—and as unsuited for comprehension by the average em- 
ployee. 

The solution of the difficulty, as I see it, requires first a willing- 
ness to be as creative in exposition as in scientific work; next, the 
adoption of a problem attitude to determine along what line of inter- 
est, and how, to attract the reader; and finally, surrender without 
reservation to the creative potentialities of the subconscious mind. 

The prospective reader is the author’s student, although with the 
very loose nexus of an informal and transitory course of study. 
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What Dewey says of formal courses, however, applies: the method 
of instruction should be adopted which begins with the experience 
(for the present instance, let us say, interest) of the learner and 
develops from that the proper modes of treatment. This has been 
called the psychological method in distinction from the logical 
method of the expert. In the determination of the initial point of 
experience, or interest, and in the invention of modes of treatment, 
lie the opportunity and the necessity for creative effort by the 
teacher. 

Why couch a message for the general reader in the style of a 
laboratory report with its divisions of object, method, experimental 
data, calculations and conclusions? Adopt rather the method of the 
novelist: plunge in medias res if that will attract, and let the story 
proceed from that point with such recapitulation of earlier events 
as may be essential for the reader—not for the author! Start any- 
where except at the scientific beginning—wherever there may be 
smooth ground for the meeting of author and reader. 

Each writer will develop his own technique. In my own case 
when the stage of intimation is set and a faint illumination seems in 
prospect, I am inclined to pace the floor of my office, talking to 
myself and forming the words which come into my head in hesitant 
speech to an unseen audience. If the plirases seem to fly and not 
fall flat; if my audience is with me and not against me, I have a 
start for my article and may settle down to pour it out to the type- 
writer. In later verification whole sections will be rejected, para- 
graphs rearranged, sentences reconstructed, and mayhap the entire 
manuscript recognized as a false start, relegated to the back of the 
desk drawer, and treated as a part of an extended stage of prepara- 
tion which must be followed by more illumination. 

Wherever one may start his exposition and whatever tricks he 
may try, to elicit the initiating ideas from his uncontrollable subecon- 
scious, I believe, he should follow a line of treatment which has due 
regard for the difficulty of his material to the comprehension of his 
readers. 

The gradient of difficulty, that is the rate of its increase with 
succeeding pages of text, may facilitate or even inhibit the progress 
of the general reader. For the technician, on the other hand, the 
essentially uniform difficulty, typical of encyclopedia or treatise, 
proves most efficient. For the student in a formal course a favor- 
able treatment will offer a difficulty which increases uniformly with 
successive chapters. The exposition, however, which is inexpertly 
arranged without regard to the relative comprehensibility of its 
parts is only too common. It is a disgrace to its author, an annoy- 

ance to its reader, and a glaring example of inefficiency. 
None of these arrangements in terms of difficulty is suited to the 
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general reader, not even that of constant increase which is the 
method of the well constructed text book. Imparting technical in- 
formation to such a reader ideally follows a sequence remarkably 
similar to that of the induction of magnetism in a bar of iron. 
When a magnetic foree is applied and steadily increased the re- 
sponse of the iron takes place in three quite definite stages. At first 
it is very small indeed, as if the minute magnetic particles, or 
groups, within the iron resisted frictionally the new orientation 
which the magnetizing force would impose. Suddenly a condition 
is reached where a small increase in the force produces a relatively 
enormous increase in magnetism. For a time each succeeding incre- 
ment of force causes a similarly large readjustment within the iron. 
Then, with the bar practically at the limit of its magnetizability— 
saturated, as it is called—the response becomes negligible. Further 
increase of force is unavailing. 

Of similar stages and characteristics, I believe, is the induction 
of technical information in the mind of the general reader. The 
ideal treatment allows for such stages and proportions its difficulty 
accordingly. The exposition, therefore, should begin on a plane of 
zero technical difficulty for the prospective reader. This require- 
ment is in addition to that previously mentioned of starting with an 
idea and in a manner interesting to the reader. The first part of 
the exposition is the stage for the formation of an acquaintanceship 
with the author and his material. If it is foreed, intimacy may 
never be attained. 

The friendship must be established on the reader’s terms, not 
the author’s. Technical material should be introduced gradually ; 
too much information should not be supplied at the start; and the 
intercourse must be in a language easily understood. For myself 
I prefer to employ at this stage standard words of literary English 
which happen to have for the engineer additional and fitting scien- 
tifie meanings. Examples from the preceding description of mag- 
netization are ‘‘induction,’’ ‘‘inerement,’’ ‘‘foree,’’ and ‘‘sat- 
urated.”’ 

The aim is a mild and insidious inoculation of the reader. In 
the second ‘stage his mental system should undergo a rapid altera- 
tion as successive germ colonies bring their common efforts to bear. 
New concepts arise and each in turn facilitates the breakdown of 
his defenses and the orientation of his ideas along the compelling 
lines of the author’s discourse. So far as concerns instruction of 
the reader the task is then well under way: he has acquired the 
proper point of view and can handle the most difficult material 
which the exposition demands. It can be supplied on that level 
throughout the third stage. 
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There remains for the author only the important decision as to 
when to quit. 


APPENDIX 


Since the subject of technical exposition for the general reader 
is of considerable social and economic importance, the manuscript 
of the preceding article was sent by Mr. Mills to seven men whose 
opinions on the subject would be of particular value. These men 
included the science writers of two important press associations; 
the editor of a widely known scientific news-service; the science 
editor of an important newspaper ; the editor of an electrical trade 
magazine; an editor of a magazine of opinion; and a publisher of 
books of ‘‘more than ephemeral interest or value.’’? Extracts made 
from their replies are here appended. 


Howarp A. BLAKESLEE, Science Editor, The Associated Press 


**T have read your ‘Technical Exposition for the General 
Reader,’ and I would not change any of it. There are some minor 
points which I would like to emphasize. 

**One is timeliness. That is an appeal which no form of writing 
can afford to miss. The reader wants to feel at first glance that 
here is something he ought to know now. . . 

**He wants to know ‘ What is it good for?’ I do not think there 
are any exceptions, but that this unspoken question is universal. 
Engineers will recall that when Faraday discovered the principles 
of the dynamo Gladstone asked: ‘What is it good for?’ Faraday’s 
reply is variously reported : ‘Some day you ean tax it,’ or ‘It is like 
a baby, some day it will grow up.’ 

“« Another point is extreme simplicity. The explanation of 
fundamentals necessary to make the mental picture may seem fool- 
ish to the technical man. And it is foolish unless the writer by 
hours of work, or by a flash of imagination, sees some phrase to make 
the old fundamental stand up in a new dress. If the new dress is a 
true picture, the result is good; if not true, it is just ‘bunk.’ 

**T recall some of Elmer Sperry’s phrases. For example, there 
has been much interest in the use of X-rays to examine strains in 
steel. Sperry called it ‘looking through steel.’ That phrase touched 
off the general reader’s imagination. . . .’’ 


LeigH Marreson, Science Writer, International News Service, Ine. 


‘*As a professional reader of scientific papers and listener to 
science lectures, I heartily endorse the attempt of Mr. Mills to per- 
suade scientists to come off technological high-horses whenever ad- 
dressing the general public. 

‘But I would go even further. I would have them, for the con- 
venience of the press of the country (and therefore the public), 
furnish along with all papers for publication, an abstract that sum- 
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marizes in understandable English the relation of their work to the 
general scientific problem involved, and explains the relation of 
that problem itself to life or industry. 

‘*For the convenience of their busy colleagues, they now usually 
precede their published papers with a technical abstract which per- 
mits other scientists to estimate at a glance the importance of their 
work. But this importance is usually limited to the particular prob- 
lems confronting scientists. 

‘*Certainly, if any scientific work is genuinely important, it is 
important for mankind as a whole, or for the large part of it, and 
it is extremely important that the work, its probable effect on liv- 
ing, thinking, feeling and future customs, and all details of the 
achievement which may stir human imagination, should be brought 
to the publie as quickly and as completely as possible. 

‘* Application of or benefit from any really great scientific dis- 
covery or achievement always waits on public interest, and the 
only means of arousing that interest is through publication or dis- 
cussion of the work in popular terms. Most scientists of today seem 
to have forgotten, or never learned, that the elaborate laboratories 
in which they work, and the social esteem in which they are held, 
are due entirely to the interest produced not so many years ago in 
certain wealthy or socially prominent and then average people.’’ 


Watson Davis, Managing Editor, Science Service 


‘‘The scientist or engineer who takes a ‘public be damned’ atti- 
tude in expressing the results of his research is like the architect 
who draws a beautiful edifice without regard for its use or the 
engineer who builds a structurally perfect building that is an eye- 
sore on the landscape. Scientists and engineers are the architects 
and builders of our civilization. Their blueprints must be so clear 
and graphic that the public must enthuse over them and support 
their plans in preference to those of the jerry-builders who are 
always eager to snatch a contract. 

‘Just as there are places in the orde -r of things for the scientist 
who reviews the literature and points the problems without much 
original research, or the professor who passes on past knowledge 
catalytically to embryonic researchers, so the task of popularization 
must to a large degree rest with a relatively new sort of hybrid, 
part scientist, part journalist. I personally believe the parent 
stock of this hybrid should be the scientist, and the journalistic 
qualities can be grafted upon a fundamental feeling, appreciation 
and training for science or engineering. 

‘*Many current prejudices of exposition ‘must be hacked away, 
within and without scientific and engineering circles. A news- 
paper headline and the more conservative type of a technical 
journal can carry equal amounts of truth. It will be a mistake if 
technical men scorn any effective medium of communication because 
others may have abused it. 
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‘‘A report of technical progress that satisfies the research 
worker because of its completeness and detail may actually be mis- 
leading for the same reason to the layman. . 

‘*The technical popularizer must remember that the layman has 
little historical perspective in science and engineering and must 
often be carried through the fundamentals of past centuries and 
deeades before he can understand today’s achievements.”’ 


WALDEMAR KAEMPFFERT, Science Editor, The New York Times 


‘‘The engineer is not a successful expositor of his own work 
because he cannot forget that he must cease to be a technologist 
when he is writing for the general public and become an interpre- 
tative artist. . . . Style, then, reduces itself to the expression of a 
man—a peculiarly personal way of looking at a subject and there- 
fore of interpreting it. It is a prime requisite in all scientific and 
engineering work that the personal be set aside. I think this is the 
reason why physicists and engineers find it so difficult to be inter- 
pretative artists. Their whole training is directed to the suppres- 
sion of their personalities; and if personalities are suppressed, if 
emotional response is atrophied, there can be no art. 

‘*Writing should be taught in a technical school not as an aca- 
demie discipline but as an art. If an art is to be learned it must 
be practiced. . . . The student is saturated with technical facts, 
some of which he has been made to discover for himself. . . . Turn 
him loose, then, on the artistic interpretation of what he has been 
taught or what he has discovered. Let him see in how many dif- 
ferent and appealing ways the same subject may be treated: and 
write not one essay but a half dozen essays. (1) A purely tech- 
nical description . . . to a technically informed class of readers. 
(2) A simple description to arrest the attention of the technically 
uninformed public. (3) A vivid description of the social implica- 
tions of the technical material—a ‘work of literary art.’ (4) A 
rhapsody in prose—a form that should be experimented with if the 
personality is to be taught how it may express itself freely. 

‘‘It may be objected that I am asking too much of the teacher 
of English—that he must himself be a first-class engineer in order 
to pass upon the writings of students who interpret what they have 
learned from professors of engineering. The demands on his knowl- 
edge will not be inordinate. After all we are concerned with style, 
creative art, rather than with technical accuracy of statement.’’ 


O. H. Caupweut, Editor, Electronics 


‘‘Your complete presentation leaves nothing for me to add. 
But I am passing the proof around among the McGraw-Hill editors 
for their own benefit, as I feel sure your clear summary of prin- 
ciples and methods will do us all a lot of good here.’’ 
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Rosert Morss Lovert, Editor, The New Republic 


‘‘The scientist who writes for the general reader approaches his 
task with a viewpoint somewhat different from that of the strictly 
literary man. Many scientific writers regard this difference as a 
liability and strive to minimize it by attempting to make material 
palatable through liveliness of style. . . 

‘The crux of the difference lies in the fact that with the writer 
whose profession is science more than with the writer whose pro- 
fession is writing, the paramount interest is matter rather than 
manner. The professional writer is partially concerned with charm- 
ing his audience. As a result, he often subordinates what he wants 
to say to the way he wants to say it, and this diversion of foeus from 
substance to style introduces a meretricious quality which is partly 
responsible for the nauseous effect of much contemporary writing. 
On the other hand, complete absorption in material produces as a 
by-product stylistic results much happier than those achieved 
through direct preoccupation with style. 

‘This is not to minimize the importance of style, . . . but it 
must be a secondary rather than a primary product. If the sub- 
ject in hand is thoroughly thought out, from the point of view of 
the writer, with due consideration for the limitations of the reader, 
the organization is bound to be satisfactory. . . . I have read semi- 
popular treatses on technical subjects, whose organization suggested 
that of a classic symphony in exposition, development, recapitu- 


lation—even in dramatic finale. ... This beauty was achieved, 
not by striving for effect but by striving for accuracy. . . . It is 


therefore the more to be regretted that many scientists when they 
come to write for the lay public, through emulation of inferior 
writing or mistaken analysis of first rate writing, start at the wrong 
end. 

‘‘Tt may be objected that many scientists who have their subject 
thoroughly in command, write articles formless and deadly dull. 
The answer is that any sort of literary presentation demands an 
intensified perception of what one wishes to put across. It is not 
enough merely to understand it; one must feel it vividly, in its 
essence and its significance. One must, obviously, also take into 
account the limitations of his audience; but this is a question, not 
of organization or style, but of being explicit in reference; of not 
demanding too much from the reader. . . . This is a matter of con- 
ception rather than of execution; the prerequisite of intelligibility 
and simplicity is definiteness of thought. One of our greatest con- 
temporary novelists has said, ‘Style in writing as in painting, is a 
question of vision rather than of technique.’ This is true in scien- 
tifie writing as well as in so-called pure literature—assuming, as 
we have a right to assume, an adequate mastery of syntax and 
vocabulary. . 

‘*It may be urged that the public will not take a pellet of in- 
formation without an excess of sugar coating. The answer to that is, 
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then don’t offer it! If the substance of the article is not of com- 
pelling interest, so that granted lucid form the public will want to 
read it, then there is no reason for trying to publish it. ns 


ALFRED Harcourt, Harcourt, Brace and Company, Inc., Publishers 


‘*T read your ‘Technical Exposition for the General Reader.’ 
What you say is perfectly sound. I rather wish you had gone into 
the question of why scientific and technical men in this country 
often write so poorly. Unless they can get over certain inhibitions, 
your instructions or similar instructions will fall on deaf ears. Two 
reasons for their failure to write well occur to me. One is that some 
of them seem to think there is some lowering of scholarly or tech- 
nical dignity in failing to write in the technical jargon and in mak- 
ing any concessions to the reader. . . . Another inhibition arises 
from a confusion as to their audience. Expository writers often 
want to reach the general public, but they do not keep their audi- 
ence clearly in mind. They write with one eye cocked over their 
shoulder at what their colleagues in other universities may think of 
what they have to say, and so fail to cut loose for the general 
audience they have in mind.’’ 
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WHAT DOES THE CONFIGURATIONIST SAY?* 
By EARL BURT TAYLOR 
Professor of Education, University of Rochester 


As teachers we recognize that a science of the educational proc- 
ess must rest upon a science of psychology. We may apply scientific 
methods to a variety of problems related to education. But science 
in the learning process means psychology. We have been bewild- 
ered, and sometimes irritated, by the confusion which seems to 
reign in the psychological field. 

The purpose of this discussion is to look into the views and claims 
of another ‘‘new’’ psychology said to be scientific and adequate to 
meet the objections raised against the conventional ‘‘objective’’ 
psychology. This is the Gestalt or ‘‘configurationist.’’ We ap- 
proach it in a spirit of skeptical tolerance. We are open to con- 
viction but will not be ‘‘sold’’ easily. Cautious hopefulness is the 
keynote of our attitude. 

The discussion will fall into four parts: the configurationist 
view of the learning process as explained by current objective psy- 
chology, the learning process as explained by the configurationist, 
an estimate of this ‘‘new’’ psychology, and the practical implications 
of the configurationist point of view applied to teaching. At the 
outset it should be said that we are somewhat limited by the litera- 
ture available. Raymond Holder Wheeler and Robert Morris 
Ogden have been the chief interpreters of the configurationist psy- 
chology applied to education. We shall not be concerned primarily 
with criticism from the standpoint of pure psychology, which we 
are not competent to undertake. However, the teacher who is 
not a psychologist must look at psychology, whether or not he 
enjoys the view. 

What does the configurationist think about conventional psy- 
chology? Nothing very complimentary, if we let Wheeler be his 
representative.t From the Greeks to Watson psychology has been 
dualistic and atomistic. The Greeks by structural analysis reduced 
the world to atoms; by functional analysis they reached mind. 

* A paper based upon four lectures delivered before the English Session 
of the S. P. E. E. Summer School for Engineering Teachers held at The Ohio 
State University, July, 1932. 

+t Wheeler, Raymond Holder, ‘‘The Science of Psychology,’’ pp. 20-23, 
153-155, 261-267, 315-318; ‘‘The Laws of Human Nature,’’ Chapters I and 
II and pp. 159-163. 
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Dualism and atomism have continued to the present time and repre- 
sent the position of the ‘‘naive psychologist’’ and the ‘‘naive physi- 
eal scientist.’’ Under the influence of the epistemology of empiri- 
cism psychology developed associationism. This involved the false 
logic that unity is brought about from the chaos of atoms (sense- 
impressions, presentations, or bodily events), by the mysterious 
process of piece-meal building of whole through association funda- 
mentally resting upon contiguity. This process of developing wholes 
as the additive outcome of associating parts or atoms became mechan- 
istic. Then psychology had reached its present conventional dual- 
istic form, atomistic, associationistic, mechanical. Behaviorism 
did not escape the traditional logic. ‘‘. . . he (Watson) accepted 
the conventional view that the activities of specialized parts of the 
organism account for the behavior of the organism-as-a-whole.’’ * 
‘*Behaviorism followed the dualistic doctrine even more naively 
than introspectionism ... (it) almost boastfully declared its re- 
pudiation of the mental life. It refused to work on the ‘mind-side’ 
of the fence.’’ f 

Conventional psychology rests upon the logical postulate that 
the whole is explained as the sum of its parts; the simple explains 
the complex. Unity is achieved by synthesis of atoms through 
association. That the atoms have changed in the course of time 
from sense-impressions and ideas to bodily events, reflexes, and 
stimulus-response connections does not modify the essential nature 
of the case. Combine this with dualism and mechanism, and we 
reach the heart of the modern psychology which dominates the 
field in education. 

This dualistic, atomistic, associationistic, mechanistic, modern 
psychology attributes initial learning to chance success after applica- 
tion of the stimulus in a trial and error situation. Initial learning 
is reinforced by an inferred subjective condition in the learner. 
The experimenter does not know how it feels to be the rat who 
reaches the cheese after a long trip through a labyrinth, but he 
knows how he thinks he would feel about the blind alleys and other 
obstructive features of his trip. The rat, he thinks, concurs in this 
feeling and tends on repetition to avoid the turns which lead away 
from success and repeat those which lead toward it. 

To learn it is necessary to be lucky in the first instance and 
depend mainly upon successive repetitions in which satisfaction and 
annoyance are positive or negative conditioning factors. The proe- 
ess is comprehended mainly in the Laws of Exercise and Effect. 
The more extreme objectivists, the behaviorists, drop the Law of 
Effect and rest the case more completely upon the Law of Exercise. 


* Wheeler, Raymond Holder, ‘‘The Science of Psychology,’’ p. 23. 
t Wheeler, Raymond Holder, ‘‘The Laws of Human Nature,’’ p. 41. 
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WHAT DOES THE CONFIGURATIONIST SAY? 367 
They make chance, repetition, and mechanical association of atom- 
istic physical reflexes the fundamental principles of the learning 
process. 

To the configurationist this is all wrong. His position may be 
understood in part by saying that it is a sweeping and categorical 
denial of what he regards as the fundamental principles of conven- 
tional psychology. He denies that the whole can be explained by the 
association or synthesis of parts. Nothing is learned about water by 
study of the properties of hydrogen and oxygen. He rejects trial 
and error, chance, pleasure and annoyance, and repetition as prin- 
ciples of learning. ‘‘It is evident that learning does not proceed by 
trial and error with accidental successes fixed by pleasure and errors 
eliminated by annoyance. .. . learning does not commence with 
random movements which are subsequently eliminated by mechani- 
eal agencies.’””* We do not’ learn by repetition, by doing. 
‘.. . the concept (of repetition of response) . . . throws no light 
upon learning. ... to assert that we learn by doing, or learn 
through exercise is as meaningless as to claim that we grow by liv- 
ing in time.’’ ¢ 

Mechanism is unsound in several respects. It applies mathe- 
maties, a product of the human mind teleological in character, to the 
physical world and then assumes that the universe is mathemati- 
cally mechanical. It employs the false method ‘‘of explaining the 
whole in terms of its parts.’’ It assumes that parts are discrete 
elements, entities existing as such and in isolation, whereas it is 
common knowledge that all things exist only in relation to some- 
thing else. It conceives of cause and effect relations between 
discrete things such that one discrete thing can act upon another 
discrete thing. Kd6hler t contends that mechanical order is topo- 
graphical, man-made, and limited in character. Conditions are 
ereated for the machine such that the sole directions in which 
forces may act are determined by the paths established topographi- 
cally. The piston moves in the cylinder; it can not move freely. 
This kind of movement is radically different from the ‘‘play of 
actual forces’’ existing outside of the very limited field of man-made 
machines. In this broader situation ‘‘movement, (and) . . . direc- 
tion and distribution of process (are) determined dynamically by 
interaction.’’§ There is order, but it is non-mechanical in char- 
acter. 

We can get some insight into what a man believes by learning 
what he rejects. The configurationist rejects his interpretation of 


* Wheeler, Raymond Holder, ‘‘The Science of Psychology,’’ p. 316. 
t Ibid., p. 323. 

¢t Kohler, Wolfgang, ‘‘Gestalt Psychology,’’ Chapter IV. 
§ Kohler, Wolfgang, ‘‘Gestalt Psychology,’’ pp. 134-135. 














368 WHAT DOES THE CONFIGURATIONIST SAY? 
the principles of conventional psychology in toto. He accepts its 
experimental results, when not in conflict with his own, but rein- 
terprets them in the light of his own principles. 

What are the principles of the configurationist? "What is his 
explanation of the learning process? What is a gestalt? These are 
difficult questions to answer. The configurationist view suffers 
from lack of adherents who can organize its materials and who 
possess the gift of clarity in exposition. The introduction of new 
terms and the new use of old terms do not simplify understanding. 

Gestalt is no such trifle as merely another psychology. It is a 
new Novum Organum in the making. It is ‘‘the way out of a dead 
end’’ for psychology and science alike. It sets forth the principles 
of a new synthesis of universal knowledge. It is a rejection of the 
basic logic of all our mistaken thinking. The atomistic logic which 
creates unity out of chaotic elements by the synthesis of discrete 
atoms is one of the fundamentals in our misconceptions. Dualism 
is another. The configurationist gets rid of both, but he does it 
without becoming either a mechanist or a vitalist. At any rate he 
believes he does. 

Both vitalism and mechanism postulate entities existing out of 
dynamic relations with each other. They can not get into relation 
to form a unity or a whole, save as the relation is dynamic. Mech- 
anism brings in a ‘‘mysterious agent,’’ creative synthesis, which 
‘‘derives the properties of the whole from no source whatever, 
creates a unity out of whole cloth.’’* Mechanism tries to conceal 
the agent which established dynamic relations among parts to make 
unity by masking it in the words ‘‘creative synthesis.’’ Vitalism 
is more honest about it, and postulates the agent openly. The con- 
figurationist abolishes the whole problem by asserting that dynamic 
relations among all parts exist from the beginning. No agent is 
necessary, mechanistic or vitalistic. It is not necessary to derive 
a unity that does not exist. The unity is always there. The factor 
which does not exist is the discrete part out of dynamical relation to 
all other discrete parts. It is simpler, aside from being true, to 
postulate that parts exist only when in dynamical relation to all 
other parts. That is, parts belong to dynamic wholes and do not 
exist out of that relation. Dynamic unity which does not permit 
the existence of discrete parts is always an organic whole. 

The word gestalt is not the name of an entity or unit existing 
as a homogeneous ultimate part whence wholes are derived by bring- 
ing parts into relation. It is merely the name of the fundamental 
concept that parts are always in dynamical relation. It stands for 
the assumption that the concept of the organic whole is the solution 
of the whole puzzle. It is, therefore, the explanation, not some- 


* Wheeler, Raymond Holder, ‘‘The Laws of Human Nature,’’ p. 59. 
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WHAT DOES THE CONFIGURATIONIST SAY? 369 
thing to be explained. What we have is complex wholes dynamic 
in the organic sense. There are no discrete parts. The problem of 
getting unity out of plurality is solved, because there is no plurality 
in the usual meaning of the word. Energy exists in dynamic or- 
ganic complex wholes. It exists in no other form. The name of 
this concept is gestalt. 

We fell into our difficulties in thinking by confusion about 
structure and function. Structural analysis failed to explain, and 
the effort to explain function led to dualism. The difficulty van- 
ishes when we think of structure and function as unity viewed 
differently. Structure is the static aspect of things; function is the 
dynamic aspect. Any event or change of movement is something 
happening. Structure is the something; function is the happening. 
Function is the active condition of structure. Structure is 
phenomenological ; function gives structure its meaning. Structural] 
analysis has its uses in aiding understanding, but fundamentally 
it does not explain. Explanation is to be found in functional 
analysis. By structural analysis we describe and classify. By func- 
tional analysis we explain. Structural analysis of a human being 
ends with the disappearance of the human being. Functional analy- 
sis of a human being investigates his activities as a human being. 

The grand assumption of the configurationist is that the uni- 
verse is an organic whole which is dynamic. It obeys the laws of 
dynamics, This is true of the universe as a whole. The universe as 
a whole includes every part of itself by definition. Hence every 
part of the universe, every event obeys those laws. One set of laws 
does for everything. Reality consists of energy systems interacting 
according to the laws of dynamics. The configuration is not an 
ultimate entity. It is an ultimate principle, a concept. It is the 
concept of unity as ‘‘an organized field of force.’’ Structurally 
each bit of reality has its characteristic form or gestalt or configura- 
tion. Functionally it is a dynamic field, an organized system of 
energy. The configuration is the name of structure functioning in 
organized dynamic relations. It describes the ultimate. It ts not to 
be explained; it is the explanation. 

Proceeding from these assumptions the configurationist selects 
his basic laws of dynamics and applies them universally, to the 
learning process, to personality, to the social order, to everything. 
There are eight of these laws. Three of them may be comprehended 
in a single statement. ‘‘. . . any item of reality is in its own right 
an integrated whole that is more than the sum of its parts’’... 
(Law of Field Properties) which ‘‘derive their properties from 
the whole’’ (Law of Derived Properties) which ‘‘conditions the 
activities of its parts’’ (Law of Determined Action).* Every en- 


* Wheeler, Raymond Holder, ‘‘The Laws of Human Nature,’’ pp. 71-78. 











370 WHAT DOES THE CONFIGURATIONIST SAY? 


tity is an integrated whole not an integration of parts, but it is not 
a discrete entity. Just as each is a whole, each is a part of a larger 
whole until the concept of the universe as an integrated whole is 
reached. This is true whether the whole is an apple or an event in 
human behavior, however complex. Every act of an organism is 
an integrated whole the first time it takes place. Every bit of energy 
in the universe is a dynamic unity. Everything and every event are 
explained in terms of energy systems obeying dynamic laws. 

The terms ‘‘goal’’ and ‘‘insight’’ are important for the config- 
urationist. They are related to the Law of Least Action. This 
states that movement takes place along the shortest (or longest in 
optics) route in time. Action is defined as energy multiplied by 
time. This is related to the concept of potential. Before action 
ean take place a difference of potential must exist. A point of ‘‘low 
stress’? must precede action. It determines the direction of action 
necessary to resolve the stress; it is the goal. Thus a goal is estab- 
lished prior to all action whatever, organic or inorganic. The whole 
action is organized toward a goal, a point of low potential, before 
action begins. On the organic level this is described in the prin- 
ciple that every act of an organism, mental or overt, is an integrated 
whole the first time it takes place. 

Insight is closely related to the idea of goal. Any action is an 
organization involving a goal, direction, and movement toward the 
goal along the line of least action. When the organism is at the 
level of conscious behavior, the organized response is insight. The 
criterion of insight is goal perception in situations involving new 
relations. The organism perceives the goal in the situation-as-a- 
whole or stimulus-pattern. Insight explains nothing. It is merely 
a word used as the name applied to what happens. 

Here, we are told, the configuration is revealed as the concept of 
an organized field of force requiring no external agency to account 
for it, other than potential existing in dynamic relation to other 
potentials and without possibility of existence under other condi- 
tions. The configuration is the concept of organized energy func- 
tioning within a system of differentials. Consequently it always 
functions as an organized unit within a total situation requiring 
adjustment to differences in potential acting as disturbing factors. 
There can be as many kinds of configurations as there are kinds of 
energy systems. 

Among biologic organisms all potentials are growth potentials. 
Maturation is a kind of growth resulting from organic interaction 
with environment. Stimulation is one of its major essentials. It is 
in the nervous system a differentiation of energy patterns the struc- 
tural nature of which is unknown. Maturation is related to learn- 
ing as growth is to the organic body. Physical growth takes place 
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in time, but time is not regarded as explanatory of growth. Learn- 
ing takes place in repetition as growth takes place in time. Repeti- 
tion of stimulation is ‘‘a non-explanatory condition, namely the tem- 
poral aspect of the learning process.’’* Stimulation leads to the 
kind of growth which is maturation. Time must be given to per- 
mit maturation to take place. Maturation is a condition of the 
structural basis of potentials leading to behavior according to the 
Law of Least Action. Maturation is something like a coiled spring 
except that it grows in the nervous system of a biologic organism 
and represents structural change the nature of which is not known. 

The Law of Maximum Work holds that any disturbance (stimu- 
lus) of an organism affects the entire system, not merely the specific 
part disturbed. All the potential energies of the organism become 
kinetic. The organism-as-a-whole is mobilized to resist the disturb- 
ance or restore equilibrium. There is an ‘‘all-or-none’’ situation 
created the moment the balance of potentials is upset. Individual 
stimulus calling for individual response shooting through the organ- 
ism as a telephone message goes through an exchange, without af- 
fecting the organism outside of the stimulus-response path is im- 
possible and imaginary. Any stimulus is a stimulus to the whole 
organism. 

The Law of Individuation governs the appearance of parts. 
From the atomistic point of view parts are primary, and wholes 
come into being through association of parts. The configurationist 
reverses this order. Parts emerge from wholes through processes of 
differentiation (the Law). From the undifferentiated movements 
of the infant, which are primary, come later skilled acts which are 
individuations evolved from the original mass movement as a whole. 
The principle holds through all learning and perception. The child 
seeing a face for the first time sees the whole face. He can 
not see its parts, eyes, nose, mouth. Gradually he differentiates 
until he can see omissions from the whole, note the lack of a nose in 
a pictured face. Finally he is able to recognize parts of the face 
apart from the whole from which the perceptions emerge. The eye 
has no meaning as a thing-by-itself. All parts are in some measure 
abstractions from wholes. 

The fundamental position of the configuration is a denial of the 
evolution of wholes by synthesis of parts. This is made explicit in 
the Law of Field Genesis which states the implication of the entire 
position in the proposition that wholes evolve as wholes. This means 
that an individual in developing a skill does not add a specific as 
he improves. He increases the differentiation of his total behavior- 
pattern-as-a-whole. The ball player practicing curves does not add 
something to what he had before. The whole pattern of his action 


* Wheeler, Raymond Holder, ‘‘The Science of Psychology,’’ p. 323. 














372 WHAT DOES THE CONFIGURATIONIST SAY? 
changes. The child learning to read does not add a word or phrase 
to his reading vocabulary. His whole behavior pattern changes. 
Oxygen and hydrogen can not be added to make water. The total 
energy pattern of a field of force is changed. It is neither addition 
nor synthesis of parts which is creative; it is the principle or or- 
ganization. The difference between sugar and wood is not ad- 
ditive ; it is organizational. 

The Law of Configuration is in the nature of a summary. Dis- 
crete entities and discrete events do not exist; no isolated event or 
entity ever affects another isolated event or entity. No configura- 
tion exists by itself. It is always in relation to others. The uni- 
verse is one big event comprehending and determining all others, 
the whole and every part being in a situation of relationship, dy- 
namic in character. Reality is one continuous series of events. 
There are no simple events; all are complex. Reality is a great 
organized system of energy consisting of infinite energy systems all 
dynamically related to each other and to the determining whole. 
Mechanism and vitalism are solved problems. No external agent is 
required to explain movement. 

Now we face the problem of estimating this total point of view. 
In this brief paper it is impossible to examine the sufficiency of its 
empirical foundations and its relation to scientific theory. Bruno 
Petermann * has done this at some length and in detail. His in- 
quiry leaves him negative. What is it all, philosophy, science, psy- 
chology, or mythology ? 

If we have grasped the configurationist idea accurately, of which 
we are by no means certain, it seems to be saying over and over 
again that structure has characteristic functions always in relation 
to total situations such that neither discrete structures nor discrete 
functions exist. Space does not permit attention to the differences 
and discrepancies among its advocates. Wheeler t+ disposes of in- 
stinct as a ‘‘eurious paradox.’’ Koffka t considering the technique 
displayed by apes in handling sticks suggests that putting small ob- 
jects into holes may be instinctive. These differences are many and 
interesting. We have depended largely upon Wheeler for exposi- 
tion because he has made the most complete attempts to get the 
whole view before us and has tried to give it some definiteness of 
meaning applied in teaching. 

Excess of humility and over-suspension of judgment are not 
faults of this point of view. The assured fashion in which Wheeler 
disposes of age-long problems in a sentence or two or a few para- 
graphs is breath-taking to say the least. Mechanism, vitalism, 
***The Gestalt Theory and the Problem of Configuration.’’ 


t Wheeler, Raymond Holder, ‘‘Science of Psychology,’’ p. 168. 
¢ Reference by Ogden, R. M., ‘‘ Psychology and Education,’’ p. 273. 
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freedom, will, epistemology, do not detain him long. The view 
seems to mean that the configurationist has discovered the valid 
principles of all knowledge. It remains to apply them generally. 
It is a striking fact that the configurationist has not added so much 
to knowledge as to re-interpretation of knowledge, assuming that 
his interpretations are additions. He accepts the experimental re- 
sults of all research, when not in conflict with his own, and inter- 
prets these results in terms of his theory. He is stronger in attack on 
conventional psychology than in making his own case. The compre- 
hensive concept appears to be the organized character of energy 
into wholes each of which transcends its content in its principle of 
organization. Exactly what it means is not wholly clear. Sus- 
pension of final judgment until more evidence and exposition are 
available seems to be desirable. A clear exposition of the gestalt 
concept which assembled all its characteristics in one place and did 
not bring into the discussion everything in the universe, visible and 
invisible, would be-a boon to the teacher who wants to have the 
foundation of psychological truth as a basis for his teaching, if 
psychological truth exists and if he can find out what it is. 

When we turn to the application of the point of view to prob- 
lems of teaching, we feel at home at once. It gives immediate aid 
and comfort to the teacher who knows that in every teaching sit- 
uation he is obliged to face the child (organism-as-a-whole) in a 
situation-as-a-whole such that no amount of psychological abstrac- 
tion or careful control succeeds in isolating a specific stimulus-re- 
sponse. The atomistic stimulus-response is easier to think with but 
practically impossible to set up in a real teaching situation. Edu- 
cational theory has long held that we are teaching the child, the 
whole child, not abstract aspects of him. The idea goes back at 
least as far as Rousseau. The idea of stimulus-pattern and con- 
figurational-response appears descriptive of the actual situation. 

The teacher is relieved and stimulated to be told that he and 
his students are not mere machines, that he is not a mechanic push- 
ing psychological buttons and pulling psychological levers. But 
he wonders what it means when he finds that he is not essentially 
different from a gravitational system, that mind in an electro-mag- 
netic field is, in principle, identical with mind in man, that mind is 
the same everywhere in the universe; ‘‘it is an instantaneous change 
in dynamic relations.’?* This ‘‘neutral dynamism’’ is not too 
clear. 

The concepts of goal and insight are interesting when applied 
in teaching. Accidental success in trial and error situations is not 
a principle of learning.t We are pleased to know that in principle 


* Wheeler, Raymond Holder, ‘‘Laws of Human Nature,’’ p. 94. 
t Wheeler, Raymond Holder: ‘‘Science of Psychology,’’ p. 316. Yet 
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at least learning is intelligent behavior, the conscious perception of 
a goal to be reached in a new situation. In more complicated situa- 
tions the relation of means to end is perceived, and tools are con- 
sciously used to reach the goal. Right action in learning takes 
place the first time, not by chance, but because perception and fixa- 
tion of goal necessarily precede any action whatever. This kind 
of learning is a configurational response. 

The definition of learning is attractive. Learning is the ex- 
tension of individual insight into a particular situation and in- 
erease in the complexity of individual action in relation to a cer- 
tain goal. Learning is growth of ability to perceive goals in new 
situations, together with the response consequent upon such per- 
ception. Progress is extending and strengthening insight. We do 
not learn by experience. We learn by insight into the experience 
we have. This is orderly but non-mechanical. It is deterministic, 
but the individual is a central and significant factor in the deter- 
minism. The individual, his goals or purposes, the total situation, 
the organized response perceived before action are the factors. 

This sounds much like Mr. Dewey and the idea we have long 
had in educational theory. The teacher who wants to get the best 
results will try to have learning proceed along the lines of the 
learner’s purposes or interests. It is a prime responsibility of the 
teacher to get the learner to share actively in the purposes of the 
learning. The end-in-view which is the learner’s own, which de- 
velops the active ‘‘will to learn,’’ is essential, if best results are to 
follow. The student must be motivated by perceiving the identity 
of his interest and the goal. Mr. Dewey has said that valid interest 
is the individual’s identification of ‘‘the fact to be learned or action 
proposed with the growing self.’’* This induces educative or de- 
veloping activities. Mr. Dewey concludes, ‘‘The problem of edu- 
eators, parents, and the state is to provide the environment that 
induces educative or developing activities, and where these are found 
the one thing needful in education is secured.’’ + The configura- 
tionist calls this thinking, conscious, purposeful, intelligent action 
for the achievement of a perceived goal. 


When we consider the Law of Least Action as applied to the con- 


cept of maturation, we find again a close resemblance (at least 
verbal) to educational theory as expressed by Mr. Dewey. Matura- 
tion is a kind of growth the structural nature of which is not 


accidental learning happens. How could it, if no action can ever take place 
except as a point of low potential appears in a field of force? Having learned 
with some difficulty that every act of an organism is an integrated whole before 
it begins, an organization having a goal determined by low stress and fol- 
lowing least action, we wonder how accidental learning could ever take place. 
* Dewey, John, ‘‘ Interest and Effort in Education,’’ p. 7. 

t Ibid., p. 94. 
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known. Repetition is not a principle of learning; it is a time factor 
in the process. Maturation is stimulated externally. Consequently 
the significant factor in learning is repetition of the stimulus, or 
stimulus-pattern, not response. Maturation must have time to take 
place. Repetition of stimulus gives this time and also contributes 
directly to the process. This done the learned behavior follows ac- 
cording to the configurationist principle that every organic act is 
an integrated whole the first time it takes place. If this is correct, 
sheer drill should disappear from the educational process. Much 
repetition of stimulus-pattern should replace it. The spacing of 
repetitions is obviously more significant than the repetition itself 
because of the relation of repetition to maturation. Repetition is 
not eliminated ; it is given a more significant place in the educational 
process. 

With the concept of maturation before us we may summarize 
the learning process as the configurationist sees it. All learning is 
dependent upon the maturation level of the nervous system. A 
growth factor is a fundamental feature of the learning situation. 
Learning can not take place above the maturation level. New learn- 
ing results when the presentation of a stimulus-as-a-whole, which is 
a stimulating situation, disturbs the equilibrium of the organism- 
as-a-whole. The disturbance leads to dislocation of nervous stresses. 
The total energy of the learner is mobilized under the Law of 
Maximum Effort. It is directed toward a point of ‘‘low potential’’ 
which is the perceived goal for the resolution of the stress. A new 
configuration is formed, perceptual-motor in character. The new 
behavior is fully integrated before it begins, and the new learning 
takes place the first time. Movement is toward the goal according 
to the Law of Least Action. The movement is the configurational- 
response. The total event is the interaction of the forces of the stim- 
ulus-pattern and the maturation level of the nervous system. When 
the configurational response occurs at the level of conscious action, 
the development of the response is described as the growth of in- 
sight. The significant factors for the teacher to comprehend and 
apply practically are involved in the terms stimulus-pattern, 
maturation, configurational-response, and insight. These are the 
configurationist substitutes for association and the building of 
learning by an additive process applied to atomistic units. 

Putting all this into more usual language, learning is an active, 
dynamic process in which the learner is a direct participant, per- 
eeiving and following goals which he recognizes as identical with 
his own growth and upon which he willingly mobilizes his total 
resources of energy. The teacher’s responsibility is to study the 
learner with a view to determining his present capacity to respond 
to the particular stimulating situation and set the stage so that the 
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situation may normally lead to the learning response, that is, so 
that the learner may grow in the direction of his developing in- 
sight. This is progress in intelligent behavior and describes the 
chief responsibility of the teacher in learning situations at every 
level. 

If this ‘‘translation’’ truly represents the configurationist posi- 
tion, Mr. Dewey and most modern theorists in education would en- 
dorse its application, whatever reservations they might have re- 
specting its foundations. 
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DEVOTED TO THE INTER- 
ESTS OF THE DIVISION OF 
ENGINEERING DRAWING 


FREDERIC G.HIGBEE, EDITOR 


What Is Going On: Schumann at Columbia, Mann at Missouri 
Mines, French at Ohio State, Higbee at Iowa, are experimenting 
with the McCauley Test; French, Mann, and Schumann are also 
working on new plans of instruction looking toward the elimination 
of duplication, #.e., ‘‘believing that students can pick up the use of 
instruments, inking . . . by working on theory problems,’’ etc.; 
Mann and Schumann are collaborating in devising engineering 
aptitude tests; Otter at Ohio and Mann are devising ways of meas- 
uring ‘‘what learning the students actually have in drawing before 
any instruction takes place’’; Rising at Purdue is experimenting 
with the teaching of drawing by means of moving pictures, is de- 
signing a ball-bearing draftsman’s pencil sharpener, and is design- 
ing a testing machine for drawing instruments; Mann of Missouri 
recommends the construction of a ‘‘line gauge’’ to place before stu- 
dents a desirable standard for line widths and character; Iowa has 
introduced a new drawing course consisting of lectures and home- 
work on advanced phases of general engineering drawing ; McCully 
of Carnegie Tech is making a study to determine ‘‘how much mas- 
tery . . . is achieved by homework study, by lecture, by labora- 
tory, . .. and whether repetition and elaboration of material 
presented in lecture is advancing the students’ knowledge.”’ 

New Books.—Kirby of Yale is finishing a book on ‘‘The Early 
Years of Modern Civil Engineering.’’ He has also published a 
report on motor vehicle accidents in Connecticut which contains 
charts of interest to teachers of drawing. Walsh of Oshkosh State 
Teachers College has published a Handbook of Perspective con- 
taining a new method. Field of Ohio State has published an intro- 
duction to Architectural Drawing. (What! no new book on De- 
scriptive Geometry ?) 

Executive Committee: Chairman McCully has called a meeting 
of the Executive Committee of the Division of Engineering Draw- 
ing for the 22d and 23d of December at Purdue. The program for 
the 1933 meeting, plans for the 1933 competition in Engineering 
Drawing ; a discussion of the progress on projects now being spon- 
sored by the division, and other business of the division will claim 
the attention of the seven members who are planning to attend. 
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California, Los Angeles, Calif. T. T. Eyre, P. S. Biegler. 
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Mock, Harry L., Assistant Professor of Mathematics, North Carolina State 
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sity, Lafayette, Ind. Geo. W. Munro, L. V. Ludy. 

84 new members this year. 
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COLLEGE NOTES 


Massachusetts Institute of Technology.—Under the direction 
of Professor R. 8. Williams an investigation of the effects of nitro- 
gen on steel is being carried on in the Institute research labora- 
tories of Metallurgy. Extensixe X-ray studies are being carried 
on to determine whether the hardening effect of nitrogen is due to 
compounds of nitrogen with iron or aluminum, or both. Chemical 
analyses are also being made to determine the form in which nitro- 
gen exists in a weld. 

The ten-million volt electrostatic generator invented by Dr. R. 
S. Van de Graaff and now under construction in the Technology 
high-voltage laboratory at Round Hill should be complete by 
spring. This will make available a powerful weapon for assault on 
the nucleus of the atom. The apparatus is 43 feet high with 
aluminum spheres 15 feet in diameter within which the operatives 
will be perfectly safe even though the spheres carry a charge of 
millions of volts. The apparatus is supported on trucks running 
on rails 14 feet apart. Thus for very high voltage experiments 
corona effects with the metal frame of the roof can be avoided by 
running the entire apparatus out of doors. 


Northeastern University—The School of Engineering has 
eompleted an arrangement with the neighboring institution, the 
School of Education, Boston University, in which both schools will 
cooperate in the training of prospective teachers. In the past many 
graduates of the Northeastern University School of Engineering 
have accepted positions as teachers and administrators in high 
schools throughout New England. In view of the increasing im- 
portance of special training in the field of education for secondary 
school teachers, it seems highly desirable that candidates for the 
teaching profession not only have a thorough background in their 
subject-matter fields, but that they also be given some instruction 
in the art of teaching before entering the teaching profession. 

On the plan which has been worked out by Dean Wilde of Bos- 
ton University and Dean Ell of Northeastern, a limited number of 
selected students who desire to take up teaching as a life work will 
be appointed as Graduate Assistants upon their graduation from 
the five-year program at Northeastern University with the B.S. 
degree. These Graduate Assistants will give part time to the cor- 
rection of papers and laboratory reports and to assisting in labora- 
tory classes at Northeastern. They will give the rest of their time 
to graduate work in the field of education at Boston University and 
will be able to qualify for the degree of Master of Education at the 
379 
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end of a two-year period, taking half of the usual program for 
graduate students each year. 

The plan is very similar to the award of fellowships in many 
colleges and universities where graduates give part time to teach- 
ing and part time to the pursuit of graduate work for a higher 
degree, except that in this instance the work as Graduate Assistant 
will be done in one university and the class work for the graduate 
degree in another university. 


Engineering at Yale—The Yale School of Engineering has 
been established. The engineering faculty has been transferred 
from the Sheffield Scientific School to the new School. Professor 
R. E. Doherty has been appointed Dean of the new School and 
when Professor C. F. Scott, having reached the Yale age limit, re- 
tires at the end of the present year, Professor Doherty will be the 
head of the Electrical Engineering Department, as well as Dean. 

Yale was one of the pioneers in science. Professor Benjamin 
Silliman was presumably the moving spirit which led to the ap- 
pointment in 1846 of a Professor of Agricultural Chemistry and 
also a Professor of Practical Chemistry. The first graduate work 
in this country was inaugurated here and the first Ph.D. degrees 
were granted. Laboratory instruction was begun at about this time. 
In 1852 a Professor of Civil Engineering was appointed. The ap- 
pointee, William A. Norton, wrote ‘‘I propose to open a School of 
Engineering.’’ Later the Engineering and Applied Chemical 
Schools were included in a Scientific School. Later on the interest 
of Mr. Sheffield, a railroad and canal builder of the period, led to 
financial support and endowment and Yale gave the name ‘‘Shef- 
field Scientific School’’ to these activities. The fields of science, of 
applied science and of liberal education including scientific, 
economic, literary subjects and modern language (without the 
classics) constituted a marked innovation from the older ideas of 
college education as then found in Yale College and elsewhere. 

The battle for the recognition of pure science as a legitimate 
part of a college curriculum was very largely fought and won by 
the men at the Scientific School at Yale. Professor S. W. Johnson 
was the father of agricultural chemistry and the first Agricultural 
Experiment Station was at the Scientific School. Here was estab- 
lished the first course in Mechanical, or Dynamic Engineering. 
Professor Brush was the father of Metallurgy and Dr. Chittenden 
of Physiological Chemistry. Francis A. Walker left the Scientific 
School faculty and became President of the Massachusetts Institute 

of Technology and Daniel C. Gilman of the Scientific School faculty 
became the first President of Johns Hopkins. 

The Scientific School had a long, hard road to traverse to bring 
scientific and liberal education to full recognition. But it was suc- 
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eessful—in fact so successful that the scientific and educational 
ideals for which it contended are now accepted as matters of course. 
The whole University was reorganized a dozen years ago, as the 
old time distinction between the scientific and the classical, with 
separate and practically duplicate faculties in its two schools, was 
no longer a necessary or efficient type of organization. 

Engineering departments developed in the Scientific School 
having basie science and fundamentals as the strong factor. It did 
not follow the practice of many schools and introduce shop work, 
and in fact laboratories, aside from chemistry and physics, did not 
appear until about twenty-five years ago. 

The several engineering departments for some time past have 
been functioning together as a unit as a ‘‘Division’’ of the Univer- 
sity. The recent step in recognizing them as an autonomous school 
is concisely set forth by President Angell in the following state- 
ment. 

The Yale Engineering School 

‘“‘The establishment of the Yale School of Engineering is a 
matter of greater significance than seems to have been generally 
recognized. The plan to take this step has been under considera- 
tion for a good many years, but hitherto the time has not been 
thought quite ripe for its consummation. Needless to say, it marks 
a somewhat belated compliance with what has for two or three gen- 
erations been the prevalent American practice; for not only are 
there numerous engineering schools on entirely independent founda- 
tion, but it is also true that in every other American university ex- 
cept Yale, so far as I am aware, engineering has been organized 
under a separate faculty. All the implications of experience else- 
where therefore confirm our conviction that the new arrangement 
here will abundantly justify itself. 

‘‘The plan has long been urged by our graduates in engineer- 
ing and it is launched with the cordial approval of the Sheffield 
Scientific School faculty, of the new University Division of Science, 
of the University Council and of the Corporation. It will accord- 
ingly have across its path no opposition within its own house. 

‘*Professor Robert E. Doherty, who has been appointed Dean, 
upon the unanimous recommendation of the Engineering Faculty, 
brings to his new post a long and distinguished record in directing 
the educational program of one of the most progressive of the in- 
dustries based on modern science. He is a scholar of established 
reputation in his special field and under his leadership of, an un- 
usually strong faculty, we may confidently look for immediate and 
steady advance in the development of the work of the new School. 

‘‘T may perhaps add, as is probably well understood, that the 
students in engineering will still receive the B.S. degree and will 
enjoy as at present all the privileges of other undergraduates.’’ 
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SECTIONS AND BRANCHES 


Kansas-Nebraska Section.—The Nebraska University group 
welcomed the first arrivals, the golfing contingency, at 11 o’clock 
A.M., October 28. Golf was played on the Shriner’s course in the 
afternoon by some 15 or more visitors. 

At 5 o’clock P.M. a visit to the Nebraska State Capitol building 
proved to be of great interest to the visiting members. After the 
tour of inspection all visiting members and ladies were the guests 
of the Nebraska members at a dinner served in the Capitol Cafe. 

At 7:30 p.m., October 28, the evening meeting of the Society was 
held in Room 206, Mechanical Engineering Building. Prof. H. J. 
Kesner, chairman of the program committee, introduced T. Bruce 
Robb, Professor of Statistics and Business Research, University of 
Nebraska, who read a paper entitled ‘‘Forecasting the Railroad 
Future.’’ Professor Robb’s scholarly and erudite paper was well 
received by the Society, as was manifested by the eager discussion 
which followed its reading. 

Prof. F. A. Russell of Kansas University opened the discussion. 
Among other members who commented at length in the discussion 
were Professors Hendricks of Nebraska University, Rice of Kansas 
University, Conrad and Mack of Kansas State, and Stewart of Iowa 
State. 

President Hay appointed the following members as a nominating 
committee, to report at the business session in the morning: 

Prof. C. A. Sjogren, Chairman, Nebraska University, 
Prof. W. C. McNown, Kansas University, 
Prof. R. M. Kerechner, Kansas State. 

Adjournment was then had until 9 o’clock a.m., October 29. 


DEPARTMENTAL MEETINGS 


At 9 o’clock a.m., Saturday, Departmental meetings were held 
as follows: 


Agricultural Engineers 


The agricultural engineers met in Room 108 of the Agricultural 
Engineering Building with C. W. Smith, Nebraska University, as 
leader. A demonstration of teaching methods as practiced by the 
Agricultural Engineering Division at Nebraska University was 
given, with Prof. W. J. Runnalls conducting the shop demonstra- 
tion, Prof. C. W. Smith, the testing demonstration, and Prof. E. B. 
Lewis on methods of conducting research. 
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Civil Engineers 


The civil engineers’ divisional meeting was held in Room 206, 
Mechanie Arts Building, with Prof. W. C. MecNown of Kansas 
University as leader. A discussion was held regarding future prac- 
tices and policies of the section. Topics under general discussion 
were, ‘‘Expanding the Section to include other neighboring uni- 
versities’’; ‘‘Inereasing the number of annual meetings’’; ‘‘In- 
viting the women to stay at home.’’ 

An interesting motion picture of Prof. C. E. Mickey’s Summer 
Camp for civil engineering students was shown. 


Applied Mechanics 


Prof. F. L. Brown of Kansas University presided at the Ap- 
plied Mechanics departmental meeting, held in Room 204, Mechani- 
eal Engineering Building. The topic of ‘‘Grading Home Problem 
Work’’ brought forth a lively discussion. Ideas were presented 
which ranged from the somewhat elaborate system of Prof. De- 
Baufre, Nebraska University, to the comparatively simple system 
of others. The relative weight of consideration given to final ex- 
aminations, ‘‘shot guns,’’ and daily work was discussed. 


Electrical Engineers 


The electrical engineers with Prof. R. G. Kloeffler, Kansas State, 
in charge, had an interesting meeting in Room 207, Mechanical 
Engineering Building. The topic chosen for disputation was ‘‘The 
Mechanics of Teaching.’’ Personal ideas upon this subject were 
presented in speeches by Professors Eddison of Nebraska Univer- 
sity, Jorgenson of Kansas State, and Warner of Kansas University, 
after which a roundtable discussion was freely indulged in, by 
virtually all of those present. 


Mechanical Engineers 


The mechanical engineers met in Room 206, Mechanical Engi- 
neering Building, Prof. W. F. Weiland, Nebraska University, was 
leader. The attention of the group was centered upon the subjects 
of ‘‘ Heating and Ventilating Courses’’ and ‘‘Steam and Gas’’ lab- 
oratories. 

The departmental meetings were well attended and those present 
participated freely in the discussions arising in the various groups. 
So interested did the Electrical Engineering group become in their 
discussions that they overstayed their time limit and coercion was 
almost necessary to get them to dissemble and attend the general 
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business meeting which convened in Room 206, Mechanical Engi- 
neering Building at 10:45 a.m. with Pres. Earl Hay presiding. 

President Hay commended the Program Committee very highly 
for their efforts in outlining a meaty and entertaining programme. 
He stated that in his opinion the departmental meetings had been 
of unusual interest and wondered if they would be repeated at the 
next meeting. 

The minutes of the 1931 meeting as reported by R. W. Warner, 
were read and approved. 

An invitation was extended by President Hay to the Kansas- 
Nebraska Section to meet at Lawrence in 1933. 

Professor Sjogren reported for the nominating committee, sub- 
mitting the following recommendations: 


For President—R. G. Kloeffler, Kansas State, 

For Secretary—T. W. Norris, University of Nebraska, 

For Chairman of Program Committee—John A. King, University 
of Kansas. 


The report of the nominating committee was adopted and these 
men declared elected for the ensuing year. 

A motion by Dean Ferguson, seconded by Prof. H. 8. Beuche, 
in effect, that the Kansas-Nebraska Section accept the invitation of 
Kansas University for the meeting at Lawrence next year was car- 
ried. 

Upon motion by Dean Seaton, which was seconded by Prof. 
A. J. Mack and unanimously carried, a rising vote of thanks was 
tendered to the Nebraska University members for their cordial 
hospitality and entertainment. 

A motion prevailing that the retiring secretary be instructed to 
send a letter to Dean Shaad, then convalescent from an operation 
at Rochester, with the Section’s greetings, best wishes, and hopes 
for a speedy recovery. (The wishes of the Section were transcribed 
by the secretary and posted to Dean Shaad upon adjournment of 
the business session. ) 

At the request of Dean Ferguson, our National President, R. A. 
Seaton of Kansas State spoke briefly. He reminded the section of 
the 41st annual meeting to be held in Chicago in June, 1933. He 
stated that at this time there will also be meetings of all of the 
Founder Engineering Societies, the National Council of State 
Boards of Engineering Examiners and the American Institute of 
Chemical Engineers. The 8. P. E. E. will participate in Engi- 
neers’ Day, a joint session of all engineering bodies to be held at 
the Century of Progress Exposition during the week including the 
25th of June. President Seaton expressed his hopes for a large 
representation from this group at the Chicago meeting. 
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The Section was favored at this meeting by the attendance of 
10 members from Iowa State at Ames. Prof. M. P. Cleghorn 
brought greetings from the Iowa group and extended a cordial 
invitation to all Kansas-Nebraska section members to visit them at 
Iowa. 

B. B. Brackett of South Dakota University also attended the 
meeting. 


Luncheon Meeting 


All visiting members and ladies were the guests of the Nebraska 
group at a delightful luncheon in the Lincoln Chamber of Com- 
merce. 

Prof. E. D. Hay introduced the newly elected officers, President 
Kloeffler, Secretary Norris, and Programme Committee Chairman 
King. Each responded by gravely accepting with thanks, the re- 
sponsihilities of office and promising to fulfil to the best of his 
abilities the duties imposed. 

President Seaton spoke briefly, again mentioning the national 
meeting at Chicago June next. He gave it as his conviction, that 
the many good influences obtained from the association of the mem- 
bers of the Kansas-Nebraska section, had spread abroad and pointed 
to the newly organized sections of Arkansas-Oklahoma, Texas, Col- 
orado-Wyoming, and sections in process of organization on the 
Pacific Coast as probable fruit of this influence. 

Final adjournment was had at 1:25 p.m. 

L. V. Wuits, 
Secretary. 


Kentucky Section.—Professor C. 8. Crouse, head of the de- 
partment of mines and metallurgy, University of Kentucky, was 
elected president of the Kentucky section of the Society. 

He succeeds Prof. A. W. Homberger, head of the Department 
of Chemical Engineering of the University of Louisville. 

Other officers chosen were H. H. Fenwick, Louisville, with the 
department of drawing of the University of Louisville, vice-presi- 
dent, and L. E. Nollau, head of the department of drawing of the 
University of Kentucky, secretary. 

The next meeting of the section, which assembles twice annually, 
will be held at Louisville in April. 

Approximately 30 engineering professors and associates from 
the two universities attended the meeting, which opened with a 
luncheon in the University Commons. 

Speakers were Paul Morton, Lexington, city manager on the 
subject ‘‘Operating the City Manager Plan’’; George W. Howson, 
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Lexington, chief engineer of the Kentucky Utilities Company, on 
‘The Public Utilities Service.’’ 


The Maine Branch of the Society held a meeting in Merrill 
Hall, Tuesday, December 6, 1932. There were nineteen members 
present. 

Dean G. D. Chase continued his talk of November 1, ‘‘ Tutorial 
System and Comprehensive Examinations from European View- 
point,’’ and explained the English tutorial system as used at Ox- 
ford and the German Seminar system. 

I. H. PRAGEMAN, 
Secretary. 
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ENGINEERS’ COUNCIL FOR PROFESSIONAL DEVELOP- 
MENT 


Seven national engineering bodies have organized the Engi- 
neers’ Council for Professional Development with the announced 
objective of advancing the professional status of the engineer. The 
participating bodies and their representatives are: 


American Society of Civil Engineers, J. Vipond Davies, Harrison 
P. Eddy, C. F. Loweth 

American Institute of Mining and Metallurgical Engineers, Donald 
F. Irvin, D. H. MeLaughlin, Benjamin F. Tillson 

American Society of Mechanical Engineers, C. F. Hirshfeld, J. H. 
Lawrence, W. E. Wickenden 

American Institute of Electrical Engineers, Charles F. Scott, C. O. 
Bickelhaupt, L. W. W. Morrow 

American Institute of Chemical Engineers, H. C: Parmelee, A. B. 
Newman, John M. Weiss 

Society for the Promotion of Engineering Education, Robert I. 
Rees, H. P. Hammond, Dugald C. Jackson 

National Council of State Boards of Engineering Examiners, D. B. 
Steinman, T. Keith Legare, P. H. Daggett. 


This new agency plans to codrdinate and promote efforts directed 
toward higher professional standards. Its immediate objective 
is the development of a system whereby the progress of the young 
engineer toward professional standing can be recognized by the man 
himself, by the profession, and by the public through the develop- 
ment of those qualifications which render the engineer a valuable 
member of Society. It is believed that this will involve increased 
development along social, economic and general cultural lines as 
well as the maintenance of high technical standards of education 
and practice. 

The Engineers’ Council for Professional Development is em- 
barking on a program of improving means for educational guid- 
ance of young men with respect to the engineering profession, the 
formulation of criteria for colleges of engineering, the determina- 
tion of a program of personal and professional growth for young 
engineering graduates and the formulation of methods whereby 
engineers who have met suitable standards may receive correspond- 
ing professional recognition. 
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Four committees have been appointed to carry on this pro- 
gram. They are: 


The Committee on Student Selection and guidance with Harrison 
P. Eddy, Consulting Engineer, Boston, Mass., as Chairman 
The Committee on Engineering Schools with Dr. Karl T. Compton, 

President, Massachusetts Institute of Technology, as Chairman. 
The Committee on Professional Training with Robert I. Rees, As- 
sistant Vice-President, American Telephone and Telegraph 
Company, as Chairman 
The Committee on Professional Recognition with Conrad N. Lauer, 
President Philadelphia Gas Works, as Chairman. 
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NECROLOGY 


MORRIS KNOWLES 


Morris Knowles was born October 13, 1869, and died November 
8, 1932. He received the degree of S.B. from the Massachusetts 
Institute of Technology in 1891; Dr. of Engineering, University of 
Pittsburgh, in 1929. Mr. Knowles was employed by the Massa- 
chusetts State Board of Health, Water Commission, 1893-97; in- 
vestigations design and construction of filtration systems and new 
water supply, Pittsburgh, Pa., 1897-1910; consulting engineering 
practice since 1903. He was President of Morris Knowles, Inc., 
and Director of Pittsburgh Aviation Industries Corp. He was also 
lecturer in Sanitary Engineering at the University of Pittsburgh. 

Mr. Knowles had been a member of this Society since 1919 
and had served as a member of the Council in 1921-4. 


TINIUS OLSEN 


Tinius Olsen, manufacturer and inventor, was born at Kongs- 
berg, Norway, December 7, 1845, and died December 7, 1930. He 
was educated in the public schools of his native city and at the 
Technical School, Horten, Norway, maintained by the Norwegian 
navy. At the age of fifteen years he began his active career as a 
gun maker in the Kongsberg factory, and there early developed 
exceptional talent in mechanical construction. After his gradua- 
tion at the Horten Technical School, in 1866, he became a machinist 
in the engine shops at the Horten navy yard. In 1868, he became 
foreman of a machine shop at Trondhjem, Norway, and, in the 
following year, availed himself of the offer made by the Norwegian 
government of subsidies. At first he went to England, but failing 
to obtain there the type of work which he desired, he decided to 
come to the United States. In 1869, he arrived in Philadelphia, and, 
at once, secured work as a draftsman in the large machine tool 
works of William Sellers. Mr. Olsen left the Sellers concern, and, 
since then, has devoted himself almost exclusively to devising and 
manufacturing scales and testing machinery of all types and for 
a wide range of purposes. Being a pioneer in this industry in the 
United States he found it necessary, in many instances, to design 
instruments and tools required in the manufacture of his testing 
machines. 

Mr. Olsen has made numerous inventions, principally of testing 
apparatus, and some eighteen patents have been granted to him, 
the earliest in 1879. (National Cyclopedia of American Biog- 
raphy. ) 
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BOOK REVIEWS 


College Algebra. By H. P. Pertir anp P. Lutreyn. John Wiley 
and Sons, Inc., 1932; pp. 284. 


It is both unusual and pleasant to turn back the introductory 
pages of a book on college algebra and find that the first chapter is 
not headed Review. To begin a semester’s work in college algebra 
with a formal and extensive review of elementary algebra is any- 
thing but inspiring to the student and provides a rather boring 
time for the instructor. The authors of this bock have tried to 
circumvent this situation by introducing immediately new material 
that is interesting and not too difficult—namely, the idea of a funce- 
tion and the summation convention. In the lists of exercises in- 
volving these two new ideas is incorporated a quite adequate re- 
view of elementary algebra, the advantage resulting that the re- 
view is restricted and purposeful instead of being the haphazard 
affair that it usually is. The graphical representation of functions 
is also introduced at the beginning of the text. The two new con- 
cepts, functions and graphs, are used repeatedly throughout the 
book with good effect. 

Permutations and combinations are treated early in the course 
as is the idea of mathematical induction. The list of problems in- 
volving permutations and combinations is perhaps not as complete 
as this far-reaching subject warrants. The binomial theorem is 
proved by the theory of combinations with an alternative proof 
using mathematical induction. It is regrettable to find no treat- 
ment of the subject of probability which is undoubtedly the most 
fascinating of the applications of the theory of permutations and 
combinations. 

Several modificatiens of the usual order of introduction of sub- 
ject material are worth noting. Immediately upon the introduction 
of simultaneous equations in two variables the determinant nota- 
tion is considered and subsequently developed fully. The study of 
exponents and logarithms is done consecutively, which seems a most 
logical and satisfactory procedure. The discussion of exponents is 
more complete that that usually given and includes a treatment 
of exponential functions. The interpolation of these functions is 
considered from a graphical standpoint; similarly, logarithmic in- 
terpolation is treated by a consideration of the logarithmic curve. 

The discussion of quadratic equations is the usual one with the 
exception that no problems are given on the solution of quadraties 
390 
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by completion of the square. This may be a justifiable omission 
but it seems that the proof of the quadratic formula would be better 
understood by the student if the method of completing the square 
had been applied to some particular equations before it is used in 
the case of the general quadratic. 

Throughout the book, emphasis is placed on problems of a gen- 
eral nature—the solution of equations with literal coefficients, and 
the like. The ability to generalize is both powerful and useful and 
is rightly stressed here. A comparatively small number of the exer- 
cises are purely theoretical, the majority being applications to the 
sciences and to life experiences. The basic idea of the authors is 
that a knowledge of the symbols and operations of algebra is neces- 
sary, but that it is power in the use of this knowledge which is to 
be desired and this power can only be achieved after the repeated 
application of the well-known fundamentals to situations of widely 
varying natures. 

THomas L. Lawson. 














